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PART ONE 


CONCRETE 


CHAPTER 1 


INTRODUCTION 


Section 1. 


1-1. Purpose and Scope 


а. This manual is intended primarily for use as 
a training guide and reference text for engineer 
personnel responsible for field construction with 
concrete and masonry materials. 


b. This manual is composed of two parts: 


(1) Concrete. The physical characteristics 
and properties of concrete materials, the selection 
of proportions for concrete mixtures, the design 
and construction of forms, and the procedures for 
the construction of concrete structures are dis- 
cussed in detail. The use of reinforced concrete is 
discussed within the limitations to which this type 
of construction is considered a responsibility of 
engineer troops. 


Section Il. 
1-3. Concrete as a Building Material 


a. Advantages. Portland cement (para 2-2) is 
the most important mascnry material used in mod- 
ern construction. Its numerous advantages make 
it one of the most economical, versatile, and uni- 
versally used construction materials available. It 
is commonly used for buildings, bridges, sewers, 
culverts, foundations, footings, piers, abutments, 
retaining walls, and pavements. A concrete struc- 
ture, either plain or reinforced, is almost unique 
among the many systems of modern construction. 
In its plastic state concrete can be readily handled 
and placed in forms and cast into any desired 
shape. Quality concrete work produces structures 
which are lasting, pleasing in appearance, and re- 
quire comparatively little maintenance. 


GENERAL 


(2) Masonry. Physical characteristics and 
properties of materials, accepted practices in ma- 
sonry construction, masonry tools and scaffolding 
are explained and illustrated in detail. 


1-2. Changes 


Users of this publication are encouraged to submit 
recommended changes and comments to improve 
the publication. Comiments should be keyed to the 
specific page, paragraph, and line of the text in 
which the change is recommended. Reasons will be 
provided for each comment to insure understand- 
ing and complete evaluation. Comments should be 
prepared using DA Form 2028 (Recommended 
Changes to Publications) and forwarded direct to 
the Commandant, U.S. Army Engineer School, 
Fort Belvoir, Va., 22060. 


BASIC CONSIDERATIONS 


b. Limitations. Recognition of the limitations of 
concrete construction in the design phase will 
eliminate some of the structural weaknesses that 
detract from the appearance and serviceability of 
concrete structures. Some of the principal limita- 
tions and disadvantages are: 

(1) Low tensile strength. Concrete members 
which are subjected to tensile stress must be rein- 
forced with steel bars, high-strength steel wire, or 
mesh. 

(2) Drying shrinkage and moisture move- 
ments. Concrete, like all construction materials, 
contracts and expands under various conditions of 
moisture and/or temperature. This normal move- 
ment should be anticipated and provided for in the 
design, placement, and curing. Otherwise, damag- 
ing cracks may result. 
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(8) Permeability. Even the best concrete is 
not entirely impervious to moisture. It contains 
soluble compounds which may be leached out to 
varying degrees by water. Impermeability is par- 
tieularly important in reinforced concrete where 
reliance is placed on the concrete cover to prevent 
rusting of the steel, and where the structure is 
exposed to freezing and thawing. 


1-4. Concrete Materials 


a. Chemical Process. The essential ingredients 
of concrete are cement and water which react 
chemically in a process called hydration to form 
another material having useful strength. Harden- 
ing of concrete is not the result of the drying of 
the mix, as can be seen from the fact that fresh 
concrete placed under water will harden despite 
its completely submerged state. The mixture of 
cement and water is called cement paste, but such 
a mixture, in large quantities, is prohibitively ex- 
pensive for practical construction purposes and 


Section 111. DESIRABLE 


1—5. Plastic Concrete 


A plastic concrete is a concrete mix that is readily 
molded, yet changes its shape slowly if the mold is 
immediately removed. The degree of plasticity in- 
fluences the quality and character of the finished 
product. Control of the ingredients in the mix lim- 
its the variables to the proportions of the ingredi- 
ents. Significant changes in the mix proportions 
are indicated by the slump (App. B). Desirable 
properties of the plastic concrete are: 


a. Workability. This property indicates the rela- 
tive ease or difficulty of placing and consolidating 
concrete in the form. The consistency of the mix- 
ture is measured by the slump test (app. B) and is 
maintained as necessary to obtain the required 
workability for the specific conditions and method 
of placement. A very stiff mix would have little 
slump and would be very difficult to place in heav- 
ily reinforced sections. It is a good mix to place in 
a slab where reinforcing is not used. A more fluid 
mix can be placed where reinforcing steel] is pre- 
sent. Workability is controlled largely by the 
amounts of and proportion of fine to coarse aggre- 
gate used with a given quantity of paste. 


b. Nonsegregation. A plastic concrete should be 
handled so that there will be a minimum of segre- 
gation and the mix will remain homogeneous. For 
example, to prevent segregation, plastic concrete 
should not be allowed to drop (free fall) more 
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undergoes excessive shrinkage upon hardening. 


b. Aggregates. Inert filler materials in the form 
of sand, stone, and gravel are added to cement and 
water in prescribed amounts to increase the vol- 
ume of the mixture. When concrete is properly 
mixed each particle of aggregate is completely 
surrounded by paste and all spaces between aggre- 
gate particles are completely filled. The paste is 
the cementing medium that binds the aggregate 
particles into a solid mass. 


c. Grout. Grout is a mixture of portland cement, 
lime, fine aggregate, and water in such propor- 
tions that the mixture is fluid. Exact proportions 
and the maximum size of the aggregate are dic- 
tated by the intended purpose. 


d. Mortar. Mortar is a mixture of portland 
cement, lime, fine aggregate, and water in such 
proportions that the mixture is plastic. Exact pro- 
portions and the maximum size of the aggregate 
are determined by the intended purpose. 


PROPERTIES OF CONCRETE 


than 3 to 5 feet. Care must also be taken in han- 
dling to prevent bleeding. 


c. Uniformity. For uniformity every batch 
should be accurately proportioned according to the 
specifications. Uniform quality of the hardened 
concrete is desirable from both economic and 
strength considerations. 


1-6. Hardened Concrete 


Hardened concrete in its finished form is the 
actual basis of any concrete design. The essential 
qualities which must be considered are: 


a. Strength. Strength is the ability of the con- 
crete to resist a load in compression, flexure, or 
shear. The principal influencing factor on strength 
is the ratio of water to cement. About 214 gallons 
of water are required for hydration (chemical re- 
action with water) of a sack of cement. Additional 
water is used to thin the paste, thus allowing it to 
coat more particles. This increases the yield ob- 
tainable from each sack of cement, thereby pro- 
ducing a more economical mix. However, excessive 
water-cement ratios should be avoided because 
thin paste is weak and a reduction in strength of 
the hardened concrete occurs due to the dilution of 
the paste. The minimum and maximum amounts 
of water generally used for economical mixes 
range from 4 to 8 gallons per sack. 


b. Durability. Durability in concrete is the abil- 
ity of the hardened mass to resist the effects of the 
elements, such as the action of wind, frost, snow, 
and ice, the chemical reaction of soils, or the ef- 
fects of salts and abrasion. Durability is affected 
by climate and exposure. As the water-cement 
ratio is increased, the durability will decrease cor- 
respondingly. Air-entraining (para 2-9) cements 
produce concretes with improved durability. 

c. Water-Tightness. Water-tightness is an es- 
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sential requirement of concrete. Tests show that 
the water-tightness of the paste is dependent on 
the amount of mixing water that is used and the 
extent to which the chemical reactions between 
cement and water have progressed. Corps of Engi- 
neers specifications for water-tightness limit the 
amount of water used in concrete mixes to 6 gal- 
lons per sack of cement. Water-tightness of air- 
entrained concrete is superior to that of non-air-en- 
trained concrete. 


CHAPTER 2 


CONCRETE COMPONENTS 


Section I. 


2-1. Natural Cements 


Natural cement is produced by the grinding and 
calcination of a natural cement rock which is a 
clayey limestone containing up to twenty-five per- 
cent of clayey material. 


a. Characteristics of Natural Cement. Natural 
cement is normally yellow to brown in color. The 
tensile strength and compressive strength of natu- 
ral cement mortars are low, varying from one- 
third to one-half of the strengths of normal port- 
land cement. Natural cement is variable in quality 
and is little used today. In the United States, it 
represents no more than one percent of the pro- 
duction of all cements. 


b. Uses of Natural Cement. Two types are avail- 
able commercial: Type N natural cement and 
Type NA air-entraining natural cement. Natural 
cement is used in the preparation of masonry 
cements for use in mortar and in combination 
with portland cement for use in concrete mixtures. 


2-2. Portland Cements 


a. Description. Portland cements are mixtures 
of selected raw materials which are finely ground, 
proportioned and calcined to the fusion tempera- 
ture (approx. 2700?F.) to give the desired chemi- 
cal composition. The clinker resulting from calcin- 
ation is then finely pulverized. When combined 
with water, these cements undergo a chemical re- 
action and harden to form a stone-like mass. This 
reaction is called hydration and these cements are 
termed hydraulic cements. 


b. Manufacture. Raw materials used in the man- 
ufacture of portland cements may include lime- 
stone, cement rock, oyster shells, coquina shells, 
marl, clay, shale, silica sand, and iron ore. These 
materials are pulverized and mixed so that the 
appropriate proportions of lime, silica, alumina, 
and iron components are present in the final mix- 
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ture. To accomplish this, either a dry or wet proc- 
ess is used. In the dry process, grinding and blend- 
ing are done with dry materials. In the wet proc- 
ess, the grinding and blending operations utilize a 
watery slurry. The prepared mixture is then fed 
into a rotary kiln which produces temperatures of 
2600? to 3000?F. During this process, several re- 
actions occur which result in the formation of 
portland cement clinker. The clinker is cooled and 
then pulverized with а small amount of gypsum 
added to regulate the setting time. The pulverized 
product is the finished portland cement. It is 
ground so fine that nearly all of it will pass 
through a sieve having 200 meshes to the lineal 
inch or 40,000 openings in a square inch. Each 
manufacturer of portland cement uses a trade or 
brand name under which the product is sold. 


c. Common ASTM Portland Cements. Different 
types of portland cements are manufactured to 
meet certain physical and chemical requirements 
for specific puroses. The American Society for 
Testing and Materials (ASTM) provides for fine 
types of portland cement in ASTM C150, ''Stand- 
ard Specifications for Portland Cement”. 


(1) ASTM Type I. This type is also called 
normal portland cement and is a generai-purpose 
cement suitable for all uses when the special prop- 
erties of the other types are not required. Type I 
portland cement is more generally available than 
are the other types of cement. It is used in pave- 
ment and sidewalk construction, reinforced con- 
crete buildings and bridges, railways, tanks, re- 
Servoirs, sewers, culverts, water-pipes, masonry 
units, and soil cement mixtures. In general, it is 
used when concrete is not subject to special sulfate 
hazard or where the heat generated by the hydra- 
tion of the cement will not cause an objectionable 
rise in temperature. 


(2) ASTM Type II. This type is a modified 
cement used where precaution against moderate 
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sulfate attack is important, as in drainage struc- 
tures where the sulfate concentrations in the soil 
or ground water are higher than normal, but not 
unusually severe. Type II will usually generate 
less heat at a slower rate than Type I. It may be 
used in structures of considerable size where 
cement of moderate heat of hydration will tend to 
minimize temperature rise, as in large piers, 
heavy abutments, and heavy retaining walls and 
when the concrete is placed in warm weather. 


(3) ASTM Type III. Type III is a high-early- 
strength cement which provides high strengths at 
an early period, usually a week or less. Concrete 
made with Type III cement has a 7-day strength 
comparable to the 28-day strength of concrete 
made with Type I cement, and a 3-day strength 
comparable to the 7-day strength of concrete made 
with Type I cement. Type III cement has a higher 
heat of hydration and is more finely ground than 
Type I cement. It is used where it is desired to 
remove forms as soon as possible, to put the con- 
crete in service as quickly as possible, and in cold 
weather construction to reduce the period of pro- 
tection against low temperatures. Although richer 
mixtures of Type I may be used to gain high-ear- 
ly-strength, Type III may provide it more satis- 
factorily and/or more economically. 

(4) ASTM Type IV. Type IV is a low heat 
cement for use where the rate and amount of heat 
generated must be minimized. The development of 
strength is also at a slower rate. It is intended for 
use only in large masses of concrete such as large 
gravity dams where temperature rise resulting 
from the heat generated during hardening is a 
critical factor. 


(5) ASTM Type V. Type V is a sulfate-resist- 
ant cement used only in concrete exposed to severe 
sulfate action. It is used principally where soil or 
groundwater in contact with the concrete strue- 
ture has a high sulfate content. It gains strength 
more slowly than Type I. 


d. Other ASTM Portland Cements. The Ameri- 
can Society for Testing Materials covers certain 
other types of portland cements in separate ASTM 
specifications. These types are: 


(1) Air-entraining portland cements. Speci- 
fications for three types—Types IA, ПА, and IIIA 
—are given in AST MCI75. They correspond in 
composition to Types I, II, and III, respectively in 
ASTM 150 with the addition of small quantities of 
air-entraining materials interground with the 
clinker during manufacture. These cements pro- 
duce concrete with improved resistance to freeze- 
thaw action and to scaling caused by chemicals 
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applied for snow and ice removal. Such concrete 
contains minute, well-distributed, and completely 
separated air bubbles. 


(2) White portland cement. White portland 
cement conforms to the specifications of ASTM 
C150 and C175. The finished product is white in- 
stead of gray. It is used primarily for architectual 
purposes. 


(3) Portland blast-furnace slag cements. The 
cements include two types conforming to the re- 
quirements of ASTM C595—Type IS and Туре 
IS-A. To the latter, air-entraining additive has 
been added. In producing these cements, granu- 
lated blast furnace slag is either interground with 
portland cement clinker or blended with portland 
cement. These cements can be used in general con- 
crete construction. 


(4) Portland-pozzolan cements. Portland-poz- 
zolan cements include four types (P, IP, P-A, and 
ІР-А, the latter two containing an air-entraining 
additive) as specified in ASTM C595. In these 
cements, pozzolan consisting of siliceous, or sili- 
ceous and aluminous material is blended with 
ground portland cement clinker. They are used 
principally for large hydraulic structures such as 
bridge piers and dams. The comparative strength 
of concrete made with portland-pozzolan cements 
may be lower than that made with normal 
cements. 


(5) Masonry cements. Masonry cements are 
mixtures of portland cement, air-entraining addi- 
tives, and supplemental materials selected for 
their ability to impart workability, plasticity, and 
water retention to masonry mortars. These 
cements conform to the requirements of ASTM 
C91. 


e. Special Portland Cements. In addition to the 
above cements, there are special types of portland 
cement not covered by ASTM specifications. 


(1) Oil well cement. Oil well portland cement 
is made to harden properly at the high tempera- 
tures prevailing in very deep oil wells. 

(2) Waterproofed portland cement. Water- 
proofed portland cement is made by grinding wa- 
ter-repellant materials with the clinker from 
which it is made. 

(3) Plastic cements. Plastic cements are made 
by adding plasticizing agents to the clinker. It is 
commonly used for making mortar, plaster, and 
stucco. 


f. Packaging and Shipping. Cement is shipped 
either in sacks which weigh 94 pounds and have a 


loose volume of 1 cubic foot or in bulk by railroad, 
truck, or barge. Cement requirements for large 
projects may be given in terms of barrels, a bar- 
rel being equivalent to 4 sacks or 376 pounds. 


д. Storage. Portland cement that is kept dry 
retains its quality indefinitely. Cement which has 
been stored in contact with moisture sets more 
slowly and has less strength than dry cement. 
Sacked cement should be stored in a warehouse or 
shed as nearly airtight as possible. The sacks 
Should be stored close together (to reduce the cir- 
culation of air) and away from outside walls. 
Bags to be stored for long periods should be cov- 
ered with tarpaulins or other waterproof cover- 
ing. If no shed is available, the sacks should be 
placed on raised wooden platforms. Waterproof 


Section ll. 


2-3. Purpose 


The purpose of water in the concrete mix is to 
combine with the cement in the hydration process, 
coat the aggregate, and permit the mix to be 
worked. 


2-4. Impurities 


Mixing water should be clean, free from organic 
materials, alkalies, acids, and oil. In general, 
water that is fit to drink is suitable for mixing 
with cement. However, water with excessive 
quantities of sulfates should be avoided even 
though it may be fit to drink. Otherwise, the result 
is a weak paste that may contribute to deteriora- 
tion or failure of the concrete. Water of unknown 
quality may be used for making concrete if mortar 
cubes made with this water have 7- and 28-day 
strengths equal to at least 90 percent of compan- 
ion specimens made with drinkable water. Tests 
should also be made to be sure that the setting 
time of the cement is not adversely affected by 
impurities in mixing water. Impurities in mixing 
water, when excessive, may affect not only setting 
time, concrete strength, and volume constancy, but 
may cause efflorescence or corrosion of reinforce- 
ment. In some cases, it may be necessary to in- 
crease the cement content of the concrete to com- 
pensate for the impurities. The effects of certain 
common impurities in mixing water on the quality 
of plain concrete are given below: 


a. Alkali Carbonate and Bicarbonate. Carbon- 
ates and bicarbonates of sodium and potassium 
may either accelerate or retard the set of different 
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coverings should be placed over the pile in such a 
way that rain cannot reach the cement or the plat- 
form. Occasionally, sacked cement in storage will 
develop what is commonly called ‘warehouse 
pack”, a condition resulting from packing too 
tightly. The cement retains its quality under these 
conditions and the condition can usually be cor- 
rected by rolling the sacks on the floor. Cement 
should be freeflowing and free of lumps. If lumps 
exist that are hard to break up, the cement should 
be tested to determine its suitability. Hard lumps 
indicate partial hydration and will reduce the 
strength and durability of the concrete. Bulk 
cement is usually stored in weatherproof bins. Or- 
dinarily, it does not remain in storage very long 
but it can be stored for a relatively long time with- 
out deterioration. 


WATER 


cements. In large concentrations these salts can 
materially reduce concrete strength. Tests should 
be made when the sum of these dissolved salts 
exceeds 1,000 ppm (parts per million). 


b. Sodium Chloride and Sodium Sulfate. A high 
dissolved solids content of a natura] water is 
usually the result of a high content of sodium 
chloride or sodium sulfate. Concentrations of 
20,000 ppm of sodium chloride and 10,000 ppm of 
sodium sulfate are generally tolerable. 


c. Other Common Salts. Carbonates of calcium 
and magnesium are seldom found in sufficient con- 
centration to affect the strength of concrete. Bi- 
carbonates of calicum and magnesium may be pre- 
sent in concentrations up to 400 ppm without ad- 
verse effect. Magnesium sulfate and magnesium 
chloride can be present in concentrations up to 
40,000 ppm without harmful effects on strength. 
Calcium chloride may be used to accelerate both 
hardening and strength gain. 


d. Iron Salts. Natural groundwater usually con- 
tains only small quantities of iron. However, acid 
mine waters may contain large quantities of iron. 
Iron salts in concentrations up to 40,000 ppm can 
be tolerated. 


e. Miscellaneous Inorganic Salts. Salts of man- 
ganese, tin, zinc, copper, and lead may cause a 
significant reduction in strength and cause large 
variations in setting time. Sodium iodate, sodium 
phosphate, sodium arsenate, and sodium borate 
can greatly retard the set and the strength devel- 
opment. Concentrations of these salts up to 500 
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ppm are acceptable in mixing water. Concentra- 
tions of sodium sulfide of even 100 ppm may be 
harmful. 


f. Seawater. Seawater containing up to 35,000 
ppm of salt is generally suitable for unreinforced 
concrete. Some strength reduction occurs but this 
may be allowed for by reducing the water-cement 
ratio. The use of seawater in reinforced concrete 
may increase the risk of corrosion of reinforcing 
steel ; however, this risk is reduced if the reinforce- 
ment has sufficient cover and if the concrete is 
watertight and contains an adequate amount of 
entrained air. Seawater should not be used for 
making prestressed concrete in which the pre- 
stressing steel is in contact with the concrete. 


g. Acid Waters. If possible, the acceptance of 
acid mixing water should be based on the concen- 
tration (in parts per million) of acids in the water 
rather than the pH of the water. Hydrochloric, 
sulfuric, and other common inorganic acids in con- 
centrations up to 10,000 ppm generally have no 
adverse effect on concrete strength. 


h. Alkaline Waters. Concentrations of sodium 
hydroxide above .5 percent by weight of cement 
may reduce the concrete strength. Potassium hy- 
droxide in eoncentrations up to 1.2 percent by 
weight of cement has little effect on the concrete 
strength developed by some cements but substan- 
tially reduces the strength of other cements. If in 
doubt, tests should be made. 


i. Industrial Waste Waters. Industrial waste 
waters carrying less than 4,000 ppm of total solids 
generally produce a reduction in compressive 
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2-5. Characteristics of Aggregates 


Even though aggregates are considered as inert 
materials acting as filler, they make up from 60 to 
80 percent of the volume of concrete. The charac- 
teristics of the aggregates have a considerable in- 
fluence on the mix proportions and on the economy 
of the concrete. For example, rough-textured or 
flat and elongated particles require more water to 
produce workable concrete than do rounded or 
cubical particles. Hence, aggregate particles that 
are angular require more cement to maintain the 
same water-cement ratio and thus the concrete is 
more expensive. For most purposes, aggregates 
should consist of clean, hard, strong, durable par- 
ticles free of chemicals or coatings of clay or other 
fine materials that affect the bond of the cement 
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strength of no more than 10 percent. Water that 
contains unusual solids, such as those from tan- 
neries, paint factories, coke plants, chemical and 
galvanizing plants, and so on, should be tested. 


j. Waters Carrying Sanitary Sewage. Sewage 
which has been diluted in a good disposal system 
generally has no significant effect on the concrete 
strength. 


k. Sugar. Small amounts of sugar, .08 to .15 
percent weight of cement, usually retard the set- 
ting of cement. When the amount is increased to 
about .20 percent weight of cement, the set is 
usually accelerated. Sugar in quantities about .25 
percent by weight of cement may cause substantial 
reduction in strength. If the concentration of 
sugar in the mixing water exceeds 500 ppm, tests 
should be made. 


l. Silt or Suspended Particles. Mixing water 
may contain up to 2,000 ppm of suspended clay or 
fine rock particles without adverse effect. 


m. Oils. Mineral oil, not mixed with animal or 
vegetable oils, probably has less effect on strength 
development than other oils. However, mineral oil 
in concentrations greater than 2 percent by 
weight of concrete may reduce the concrete 
strength by more than 20 percent. 


n. Algae. Mixing water containing algae may 
result in excessive reduction in concrete strength. 
Algae may also be present on aggregates, in which 
case the bond between the aggregate and the 
cement paste is weakened. 


AGGREGATES 


paste. Contaminating materials most often en- 
countered are dirt, silt, clay, mica, salts, and 
humus or other organic matter that may appear as 
a coating or as loose, fine material. Many of them 
can be removed by washing but weak, friable or 
laminated aggregate particles are undersirable. 
Sand containing organic material cannot be 
washed clear. Shale or stones with shale and most 
cherts are especially undesirable. Visual inspec- 
tion often discloses weaknesses in course aggre- 
gate. It should be tested in doubtful cases. The 
most commonly used aggregates are sand, gravel, 
crushed stone, and blast furnace slag. Cinders, 
burnt clay, expanded blast furnace slag, and 
other materials are also used. These aggregates 
produce normal-weight concrete, that is, concrete 


weighing from about 135 to 160 pounds per cubic 
foot. Normal-weight aggregates should meet the 
requirements of Specifications for Concrete Ag- 
gregates (ASTM C33). These specifications limit 
the permissible amounts of deleterious substances 
and cover requirements for gradation, abrasion 
resistance, and soundness. Aggregate characteris- 
tics, their significance, and standard tests for eval- 
uation of these characteristics are given in table 
2-1. 


a. Abrasion Kesistance. А general index of ag- 
gregate quality is the abrasion resistance of the 
aggregate. This characteristic is essential when 
the aggregate is used in concrete subject to abra- 
sion as in heavy-duty floors. 


b. Resistance to Freezing and Thawing. The 
freeze-thaw resistance of an aggregate is related 
to its porsoity, absorption, and pore structure. 
This is an important characteristic in exposed 
concrete. If an aggregate particle absorbs so much 
water that insufficient pore space is available, it 
will not accommodate water expansion that occurs 
during freezing. The performance of aggregates 
under exposure to freezing and thawing can be 
predicted in two ways: past performance and 
freezing-thawing tests of concrete specimens. If 
aggregates from the same source have previously 
given satisfactory service when used in concrete, 
tne aggregate may be considered suitable. Aggre- 
gates not having a service record may be consi- 
dered acceptable if they perform satisfactorily in 
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concrete specimens subjected to freezing thawing 
tests (ASTM C290 and C291) and strength tests. 


c. Chemical Stability. Aggregates which have 
chemical stability will neither react chemically 
with cement in a harmful manner nor be affected 
chemical by other external influences. Field 
service records generally provide the best infor- 
mation for the selection of nonreactive aggre- 
gates. If an aggregate has no service record and is 
suspected of being chemically unsound, laboratory 
tests are useful for determining its suitability. 
There are three ASTM tests for identifying alka- 
li-reactive aggregates (ASTM C227, C289, and 
C586). In addition there is an ASTM recom- 
mended practice (C295) for testing of aggregates 
based on classification of the rock samples. 


d. Particle Shape and Surface Texture. The par- 
ticle shape and surface texture of an aggregate 
influence the properties of fresh concrete more 
than they affect the properties of hardened con- 
crete. Very sharp and rough aggregate particles 
or flat, enlongated particles require more fine ma- 
terial to produce workable concrete than do aggre- 
gate particles that are more rounded or cubical. 
Stones which break up into long slivery pieces 
should be avoided or limited to about 15 percent in 
either fine or coarse aggregate. 


e. Grading. The grading and maximum size of 
aggregate are important because of their relative 
effect on the workability, economy, porosity, and 


Table 2-1. Characteristics of Aggregates 


Characteristic Significance or importance 


RESISTANCE TO 
ABRASION 


Index of aggregate quality. 
Warehouse floors, loading 
platforms, pavements. 
Structures subjected to 
weathering. 


RESISTANCE TO 
FREEZING AND 
THAWING 


CHEMICAL STABILITY | Strength and durability of all 
types of structures 


PARTICLE SHAPE 
AND SURFACE 
TEXTURE 


GRADING 


Workability of fresh concrete 


Workability of fresh concrete. 
Economy 

Mix design caleulations. 
Classification 


BULK UNIT WEIGHT 
SPECIFIC GRAVITY Mix design calculations. 


Absorption and surface 
moisture 


Control of concrete quality. 


Test or practice ASTM designation 


C290.C291 


Specification requirement 


Max. percent loss* 


Max. number of cycles 


C227 (mortar bar) 
C289 (chemical) 

C586 (aggregate prism) 
C295 (petrographic) 


C127 (coarse aggregate) 
C128 (fine aggregate) 


C70, C127, C128 


Max. expansion of mortar bar* 
Aggregates must not be re- 
active with cement alkalies* 


Max. percent flat and 
elongated pieces 


Max. and min. percent 
passing standard sieves 
Max. or min. unit weight 
(special concrete) 


~ Aggregates not conforming to specification requirements may be used if service records or performance teats indicate they produce concrete having the desired 


properties, 
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shrinkage of the concrete. Experience shows that 
either very fine or very coarse sands are objection- 
able; the first is uneconomical, the last gives 
harsh, unworkable mixes. The gradation or parti- 
cle-size distribution of aggregate is determined by 
a sieve analysis. The standard sieves used for this 
purpose are numbers 4, 8, 16, 30, 50, and 100 for 
fine aggregate. The standard sieves used for the 
determination of the fineness modulus for coarse 
aggregate аге 6-, 3-, 114-, 34-, and 34-inch and 
number 4. These sieves, for both fine and coarse 
aggregate grading, are based on square openings, 
the size of the openings in consecutive sieves being 
related by a constant ratio. Other sieves may be 
used for coarse aggregate grading, however. 
Grading charts, convenient for showing size dis- 
tribution, generally have lines representing suc- 
cessive standard sieves placed at equal intervals as 
shown in figure 2-1. This figure also shows the 
grading limits for fine aggregates and for one des- 
ignated size of coarse aggregate (ASTM C33). 
Fine aggregate is material which will pass a num- 
ber 4 sieve and be retained on a number 100 sieve. 


Coarse aggregate is materia] retained by a num- 
ber 4 sieve. 


(1) Fineness modulus. This is a term used as 
an index to the fineness or coarseness of aggre- 
gate. It is the summation of the cumulative per- 
centages of the material retained on the standard 
sieves divided by 100. It is not an indication of 
grading, for an infinite number of gradings will 
give the same value for fineness modulus. To ob- 
tain the fineness modulus, quarter a sample of at 
least 500 grams of sand, and sieve through the No. 
4, 8, 16, 30, 50, and 100 sieves. Weigh the material 
retained on each sieve and then calculate the 
cumulative weights retained. Determine the fine- 


Per cent passing, by weight 
100 


0 
100 50 30 16 8 4 Ув % % І ЕА 
Stondord sizes of square-mesh sieves 


Figure 2-1. Limits specified in ASTM C33 for fine 
aggregates and for one size of coarse aggregate. 
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ness modulus by adding up the cumulative per- 
cents and dividing by 100 (fig. 2-2). In general, 
fine aggregate with a very high or a very low 
value for fineness modulus will not be as good for 
concrete aggregate as medium sand. Coarse sand 
may not be workable, and fine sands are uneco- 
nomical. The actual graduation of material is plot- 
ted on DD Form 1207 (Aggregate Grading Chart) 
to determine if the sand is within specifications. 
Care should be taken to obtain representative 
samples. The aggregate fineness modulus from one 
source should not vary more than 0.20 from test 
samples taken at the source. 


(2) Fine-aggregate grading. The most desira- 
ble fine aggregate grading depends on the type of 
work, richness of mix, and maximum size of 
coarse aggregate. In leaner mixes, or when small- 
size coarse aggregates are used, a grading that 
approaches the maximum recommended percen- 
tage passing each sieve is desirable for workabil- 
ity. In richer mixes, coarser gradings are desira- 
ble for economy. In general, if the water-cement 
ratio is kept constant and the ratio of fine to 
coarse aggregate is chosen correctly, a wide range 
in grading can be used without measurable effect 
on strength. The amount of fine aggregate passing 
the No. 50 and 100 sieves affects workability, 
finish and surface texture and water gain. For 
thin walls, hard-finished concrete floors, and 
smooth surfaces where concrete is cast against 
forms, the fine aggregate should contain not less 
than 15 percert passing the No. 50 sieve and at 
least 3 or 4 percent but not more than 10 percent 
passing the No. 100 sieve. With these minimum 
amounts of fines the concrete has better workabil- 
ity and is more cohesive so there is less water gain 


CUMULATIVE 
% RETAINED 


SCREEN WEIGHT RETAINED (GRAMS) 
SIZE INDIVIDUAL CUMULATIVE 


WEIGHT 1000 тт 


FINENESS MODULUS (FM)* 28 


Figure 2-2. Typical calculation of fineness modulus. 


or bleeding than when lower percentages of fines 
are present. Aggregate gradings within the limits 
of ASTM C33 are generally satisfactory for most 
concretes. 


(3) Coarse-aggregate grading. The grading 
of a coarse aggregate of a given maximum size 
may be varied over a relatively wide range with- 
out appreciable effect on the cement and water 
requirements if the proportion of fine aggregate 
produces concrete of good workability. Table 2-2 
indicates the gradation requirements for coarse 
aggregate. If wide variations occur in coarse ag- 
gregate grading, it may be necessary to vary the 
mix proportions in order to produce workable con- 
crete. In such cases, it is often more economical to 
maintain grading uniformity in handling and 
manufacturing coarse aggregate than to adjust 
proportions for variations in gradation. Coarse 
aggregate should be graded up to the largest size 
that is practicable to use for the conditions of the 
job. The maximum size should not exceed 14 the 
dimension of nonreinforced members, 34 of the 
clear spacing between reinforcing bars or between 
reinforcing bars and forms, and 14 the depth of 
nonreinforced slabs on ground. The larger the 
maximum size of the coarse aggregate, the less 
will be the mortar and paste necessary and the 
less water and cement required to produce a given 
quality. Field experience indicates that the 
amount of water required per unit volume of con- 
crete for a given consistency and given aggregates 
is substantially constant regardless of the cement 
content or relative proportions of water to cement. 
Further, the water required decreases with in- 
creases in the maximum size of the aggregate. The 
water required per cubic yard of concrete with a 
slump of 3 to 4 inches is shown in figure 2-3 for a 


Water content, Ib. per cu.yd of concrete 


Moximum size of coarse aggregate, in. 


Figure 2-3. Water requirement for concrete of a given 
consistency as a function of coarse aggregate size. 
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wide range 1n coarse aggregate sizes. It is appar- 
ent that, for a given water-cement ratio, the 
amount of cement required decreases (conse- 
quently, economy increases) as the maximum size 
of coarse aggregate increases. However, in some 
instances, especially in higher strength ranges, 
concrete with smaller maximum-size aggregate 
has a higher compressive strength than concrete 
with larger maximum-size aggregate at the same 
water-cement ratio. 


(4) Gap-graded aggregates. Certain particle 
sizes are lacking in gap-graded aggregates. Lack 
of two or more successive sizes may result in seg- 
regation problems, especially for non-air-en- 
trained concretes with slumps greater than about 
3 inches. If a stiff mix is required, gap-graded 
aggregates may produce higher strengths than 
normal aggregates used with comparable cement 
contents. 


f. Bulk Unit Weight. The bulk unit weight of an 
aggregate is the weight of the material used tc fill 
a one-cubic-foot container. The term “bulk unit 
weight” is used since the volume contains both 
aggregate and voids. Methods of determining bulk 
unit weights of aggregates are given in ASTM 
C29. 


g. Specific Gravity. The specific gravity of an 
aggregate is the ratio of its weight to the weight 
of an equal volume of water. Most normal-weight 
aggregates have specific gravities of 2.4 to 2.9. 
Methods of determining specific gravity for coarse 
and fine aggregates are given in ASTM C127. In 
concrete calculations, the specific gravities used 
are generally given for saturated, surface-dry ag- 
gregates; that is, all pores are filled with water, 
but no excess moisture is present on the surface. 
The internal structure of an aggregate particle is 
made up of solid matter and voids that may or 
may not contain water. 


h. Absorption and Surface Moisture. Is is neces- 
sary to determine the absorption and surface 
moisture of aggregates so that the net water con- 
tent of the concrete can be controlled and correct 
batch weights determined. The moisture condi- 
tions of aggregates are depicted in figure 2-4. The 
four states are— 


(1) Oven-dry—pores bone-dry, fully absorb- 
ent. 


(2) Air-dry—Dry at the surface but contain- 
ing some interior moisture, thus somewhat ab- 
sorbent. 


(3) Saturated surface-dry—neither absorb- 
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Table 2-2. Gradation Requirements for Coarse Aggregate* 


Amount finer than each laboratory sieve (square openings), percent by weight 


Size Nominal size (sieves) with square openings 4 in. 314 in. 3 in. 214 in. 2 in. 126 in. lin. 
Number 
1 вышы ЕЕЕ А cr pese Te Tl 100 | 90 to 100 25 to 60 05015 (|. 
2 ОГОИ ЕЕ Е ч с eer ее... 100 | 90to 100 3o to 70 01015 | ии 
357 BLT) eat: ONO Pad тата EET" sec s 100 95:tosto0 M |е 35 to 70 
467 їй зїп ОМО S e M тим т БС 2-22-22. 1007 92405100 |... === 
57 ЕЕ өйы бе т e ee ee Бат oa eo. bee 100 95 to 100 
67 Ж in tO NO. Мз 52 cee Іт тт Ры eee ee TOO 


7 16 in. to No. 4 


8 SOuneto NOSST oC ae ы ка нат КИК у у... 
3 PATOL a) lg E S МЕРЕ Т ER ur а ВИИ АШ. © 100 90 to 100 3o to 70 0 to 15 
4 EVAR CO лыс с sc NET E ctc oM ИИБИ С ЕЕ. 100 90 to 100 20 to 55 


Size Nominal size (sieves) with square openings No. 8 No. 16 
(2580—micron) | (1190-тпісгоп) 


0 to 5 
0 to 5 


Gia Wo) Е oo ка ЖО Кыл ос узсе 
2 ЭТОЛ 8 е 


857 и. to NO. 4 300. а-а eee 1 ТОСОО E. 0 to 5 
461 ІШ ИН Wet WO i" 8) 10 (И luz. 0 to 5 
57 Tine to Ng d а 2 eo ee Ра 5) Бом л E 0 to 10 


67 ТП t0 Nod. ccm ccce SO to L00 E 888 20 to 55 0 to 10 
1 ety, to Noc. кын El 100 90 to 100 40 to 70 0 to 15 
ein. tO NOSE ы 12250-02 100 85 to 100 10 to 30 0 to 5 


==== cu ey pene йу д Зас ШӘ 


*From specifications for concrete aggregate (ASTM-C33). 


ing water from nor contributing water to the con- 
crete mix. 


(4) Damp or wet—containing an excess of 
moisture on the surface. When fine aggregate is 40 
damp and is handled, bulking generally occurs. 
Bulking is the increase in volume caused by sur- 


ш 
face moisture holding the particles apart. The var- = 
lation in the amount of bulking with the moisture US 30 
content and grading is shown in figure 2—5. Since 214 
most sands are delivered in a damp condition, == : К» 
wide variations can occur in batch quantities if m N N 
the batching is done by volume. Such variations аа 20 
are likely to be out of proportion to the moisture ПЕ e m % 
content of the sand. For this reason, proportion- = 4 a 
ing by volume, if undertaken, should be done with E o Бы N 
considerable care. ux 10 | % 
> 
STATE: OVEN-ORY AIR ORY SURFACEDRY OR WET ш S | 
QDDED SANDS N 
оа 5 10 15 20 
TOTAL MOISTURE: — NONE LESS THAN кро GREATER THAN PER CENT BY WEIGHT OF MOISTURE ADDED 


ABSORPTION ABSORPTION 


2-5. Variation in bulking with moisture and aggregate 
Figure 2-4. Moisture conditions of aggregates. grading. 


2—6. Deleterious Substances in Aggregates 


Deleterious substances that may be present in ag- 
gregates include organic impurities, silt, clay, 
coal, lignite, and certain lightweight and soft par- 
ticles. The effects of these substances on concrete 
and the ASTM test method designations are sum- 
marized in table 2-3. 


2-7. Handling and Storing Aggregates 


Aggregates should be handled and stored in such a 
manner as to minimize segregation and prevent 
contamination with deleterious substances. Aggre- 
gate is normally stored in stockpiles built up in 
layers of uniform thickness. Stockpiles should not 
be built up in high cone shapes nor allowed to run 
down slopes because this causes segregation. Ag- 
gregate should not be allowed to fall freely from 
the end of a conveyor belt. To minimize segrega- 
tion, materials should be removed from stockpiles 
in approximately horizontal layers. If batching 
equipment is used, some of the aggregate will be 
stored in bins. Bins should be loaded by allowing 
the material to fall vertically over the outlet. 
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Chuting the material at an angle against the side 
of the bin causes segregation of particles. Correct 
and incorrect methods of handling and storing ag- 
gregate are shown in figure 2—6. 


Table 2-3. Deleterious Substances in Aggregates 


Test 

Effect on concrete ASTM 
desig- 
nation 


Deleterious substances 


ORGANIC IMPUR- Affect setting and hard- | C40 


ITIES ening, and may cause | C87 
deterioration 

Affect bond, and іпсгеаѕе| C-117 
water requirement 


MATERIALS FINER 
THAN NO. 200 
SIEVE 

COAL, LIGNITE, OR 
OTHER LIGHT- 
WEIGHT MATE- 
RIALS 

SOFT PARTICLES Affect durability C235 


FRIABLE PARTICLES | Affect workability and C142 
durability, and may 
cause popouts 


Affect durability, and (2128 
may cause stains and 
popouts 
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FINE AGGREGATE STORAGE 


a. 


4. 
mons 
. 


UNIFORM ABOUT 
CENTER 


5 yc. * 
* 
M 


SEPARATION 


.ngoomgu 


INCORRECT 
CORRECT 


Chimney should surround material 
falling from and on conveyor, to 
prevent wind from separating fine 
and coarse moterials. Openings 
should be provided os required to 
discharge materials at various 
elevations on the pile. 


Do not allow free fall of material 
from high end of conveyor which 
would permit wind to separate 
fine from coarse material. 


FINISHED COARSE AGGREGATE STORAGE 
STORAGE IN BINS 


CORRECT INCORRECT 
Material is allowed to fall Moterial is allowed to strike 
vertically over the outlet. the side of the bin, causing 
segregation. 


When stockpiling large sized aggregote 
from elevated conveyors , minimize 
breakage by use of a rock ladder. 


Figure 2-6. Correct and incorrect handling and storing of aggregates. 


ene ee 
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STOCKPILING OF COARSE AGGREGATE 


PREFERABLE 
A crane or other equipement should 
stockpile material in separate batches, 
each no larger thon о truckload, so that 


it remains where placed and does not over the same level repeatedly. 
run down slopes. 


OBJECTIONABLE 
Do no? use methods tha! permit the aggregate 
to roll down the slope os it is added to the 
pile, or permit hauling equipment to operate 


TED ACCEPTABILITY GENERALLY OBJECTIONABLE 

LIMI А 4 

i i iallv in A bulldozer stacking progressive layers ona 
у. = eel pau а slope not flatter than 3:1 is often objectionable 
M ny у from с conveyor belt. А unless materials sirongly resist breakage. 
materials as dropp З 


rock ladder may be needed in this setup 


Figure 2-6.— Continued. 
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Seciior IV. ADMIXTURES 


2—8. Definition and Purpose 


Admixtures include all materials other than port- 
land cement, water, and aggregates that are added 
to concrete, mortar, or grout immediately before 
or during mixing. Admixtures are sometimes used 
in concrete mixtures to improve certain quantities 
such as workability, strength, durability, water- 
tightness, and wear resistance. They may also be 
added to reduce segregation, reduce heat of hydra- 
tion, entrain air, and accelerate or retard setting 
and hardening. The same results can often be ob- 
tained by changing the mix proportions or by se- 
lecting other suitable materials without resort to 
admixtures (except air-entraining admixtures 
when necessary). Whenever possible, comparison 
should be made between these alternatives to de- 
termine which is more economical and/or conven- 
ient. 


2-9. Air-Entrained Concrete 


One of the major advances in concrete technology 
in recent years has been the advent of air entrain- 
ment. The use of entrained air is recommended in 
concrete for most purposes. The principal reason 
for using intentionally entrained air is to improve 
concrete’s resistance to freezing and thawing ex- 
posure. However, there are other important bene- 
ficial effects in both freshly mixed and hardened 
concrete. Air-entrained concrete is produced by 
using either an air-entraining cement or an air-en- 
training admixture during the mixing of the con- 
crete. Unlike air entrapped in non-air-entrained 
concrete which exists in the form of relatively 
large air voids, which are not dispersed uniformly 
throughout the mix, entrained air exists in the 
form of minute disconnected bubbles well dis- 
persed throughout the mass. These bubbles have 
diameters ranging from about one to three thou- 
sandths of an inch. As shown in figure 2-7, the 
bubbles are not interconnected and are well dis- 
tributed throughout the paste. In general, air-en- 
training agents are derivatives of natural wood 
resins, animal or vegetable fats or oils, alkali salts 
of sulfated or sulfonated organic compounds and 
water-soluble soaps. Most air-entraining agents 
are in liquid form for use in the mix water. In- 
structions for the use of the various agents to pro- 
duce a specified air content are provided by the 
manufacturer. Automatic dispensers made availa- 
ble by some manufacturers permit more accurate 
control of the quantities of air-entraining agents 
used in the mix. 


| ОО in. 


Figure 2-7. Polished section of air-entrained concrete 
magnified many times. 


a. Properties of Air-Entrained Concrete. 


(1) Workability. Entrained air improves the 
workability of concrete. It is particularly effective 
in lean mixes and in mixes with angular and 
poorly graded aggregates. This improved worka- 
bility allows a significant reduction in water and 
sand content. The disconnected air voids also 
reduce segregation and bleeding of plastic con- 
crete. 


(2) Freeze-thaw resistance. The freeze-thaw 
resistance of hardened concrete is significantly im- 
proved by the use of intentionally entrained air. 
As the water in concrete freezes, it expands, caus- 
ing pressure that can rupture concrete. The en- 
trained air voids act as reservoirs for excess water 
forced into them, thus relieving pressure and pre- 
venting damage to the concrete. 


(3) Resistance to de-icers. Entrained air is 
effective for preventing scaling caused by de-icing 
chemicals used for snow and ice removal. The use 


of air-entrained concrete is recommended for all 
concretes that come in any contact with de-icing 
chemicals. 


(4) Sulfate resistance. The use of entrained 
air improves the sulfate resistance of concrete as 
shown in figure 2-8. Concrete made with a low 
water-cement ratio, entrained air, and cement 
having a low tricalcium aluminate content will be 
most resistant to attack from sulfate soil waters 
or seawater. 


(5) Strength. Strength of air-entrained con- 
crete depends principally upon the voids-cement 
ratio. For this ratio, “voids” is defined as the total 
volume of water plus air (entrained and en- 
trapped). For a constant air content, strength 
varies inversely with the water-cement ratio. As 
air content is increased, a given strength gener- 
ally may be maintained by holding to a constant 
voids-cement ratio by reducing amount of mixing 
water, increasing amount of cement, or both. 
Some reduction in strength may accompany air 
entrainment, but this is often minimized since 
air-entrained concretes have lower water-cement 
ratios than non-air-entrained concretes having the 
same slump. In some cases, however, it may be 
difficult to attain high strength with air-entrained 
concrete. Examples are when slumps are main- 
tained constant as concrete temperatures rise and 
when certain aggregates are used. 


(6) Abrasion resistance. Abrasion resistance 
of air-entrained concrete is about the same as that 
of non-air-entrained concrete of the same com- 
pressive strength. Abrasion resistance increases 
as the compressive strength increases. 


Without entrained oir 
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(7) Watertightness. Air-entrained concrete is 
more watertight than non-air-entrained concrete, 
since entrained air inhibits the formation of in- 
ter-connected capillary channels. Air-entrained 
concrete should be used where watertightness is 
desired. 


b. Air-Entraining Materials. The entrainment of 
air in concrete may be accomplished by using air- 
entraining cement, by adding an air-entraining 
agent at the mixer or by a combination of both 
methods. Air-entraining cements should meet the 
specifications in ASTM C175. Commercial air-en- 
training admixtures, which are manufactured 
from a variety of materials, may be added at the 
mixer and should comply with the specifications in 
ASTM C260. Adequate control is required to en- 
sure the proper air content at all times. 


c. Factors Affecting Air Content. 


(1) Aggregate gradation and cement content. 
Aggregate gradation and the cement content of a 
mix have a significant effect on the air content of 
both air-entrained and non-air-entrained concrete. 
For aggregate sizes smaller than 1% inches, the 
air content increases sharply as the aggregate size 
decreases due to the increase in mortar volume. As 
the cement content increases, the air content de- 
creases with the normal range of cement content. 

(2) Fine aggregate content. The percentage 
of entrained air in concrete is affected by the fine 
aggregate content of the mix. Increasing the 
amount of fine aggregate causes more air to be 
entrained for a given amount of air-entraining 
cement or admixture. 


With entrained oir 


Figure 2-8. Effect of entrained air on performance of concrete specimens 
after 5 years of exposure to a sulfate soil. 


18 (2-14) 


(3) Slump and vibration. Slump and vibra- 
tion affect the air content of air-entrained con- 
crete. The greater the slump, the larger the per- 
cent reduction in air content during vibration. At 
all slumps, however, even 15 seconds of vibration 
causes a considerable reduction in air content. 
Even so, if vibration is properly applied, the air 
lost will consist mostly of large bubbles and little 
of the intentionally entrained air will be lost. 


(4) Concrete temperature. Less air is en- 
trained as the temperature of the concrete in- 
creases. The effect of temperature becomes more 
pronounced as the slump is increased. 


(5) Mixing action. Mixing action is the most 
important factor in the production of entrained 
air in concrete. The amount of entrained air var- 
ies with the type and condition of the mixer, the 
amount of concrete being mixed, and the rate of 
mixing. Stationary mixers and transit mixers may 
produce concretes with significant differences in 
the amounts of air entrained. Mixers loaded to less 
than capacity may produce increases in air con- 
tent, and decreases may result from overloading. 
Generally, more air is entrained as the speed of 
mixing is increased. 


(6) Admixtures and coloring agents. Certain 
admixtures and coloring agents may reduce the 
amount of entrained air. This is particularly true 
of fly ash with high percentages of carbon. If 
calcium chloride is used, it should be added sepa- 
rately to the mix in solution form to prevent a 
chemical reaction with some air-entraining admix- 
tures. 


(7) Premature finishing. Permature finishing 
operations may cause excess water from bleeding 
to be worked into the top surface of concrete. The 
surface zones may become low in entrained air 
and thus susceptible to scaling. 


d. Recommended Air Contents. The amount of 
air to be used in air-entrained concrete should be 
flexible and suited to the particular need. It should 
depend on the type of structure, climatic condi- 
tions, number of freeze-thaw-cycles, extent of ex- 
posure to de-icers and aggressive soils or waters, 
and to some extent the strength of concrete. Field 
practice has shown that the amount of air indi- 
cated in table 2—4 should be specified for air-en- 
trained concrete to provide adequate resistance to 
deterioration from freeze-thaw cycles and de-icing 
chemicals. Air contents are expressed in terms of 
percent by volume of the concrete, although air is 
entrained only in the mortar. In the field, a rela- 
tively constant amount of about 9 percent of air in 
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the mortar fraction of the concrete (which corre- 
sponds to roughly 414 percent by volume of the 
concrete) should provide the recommended air 
content for durability regardless of changes in 
cement content, maximum size of aggregate, con- 
sistency, and type of coarse aggregate. For expo- 
sure to extremely severe conditions, it is desirable 
to design air-entrained concrete for the highest 
air contents recommended in table 2—4. For cer- 
tain concretes, such as those having high cement 
contents, low water contents, and consistencies 
below about one-inch slump, the level of air con- 
tent recommended in table 2-4 is high. When en- 
trained air is not required for protection against 
freeze-thaw or de-icers, the air content given in 
table 2-4 may be reduced by about one-third. 


Table 2-4. Recommended Air Contents for Concretes Subject to 
Severe Exposure Conditions* 


Maximum-size coarse aggregate, in. Air content, percent by volume** 


115, 2, or 215 
34 or 1 
PROV oct 


@ ell 


*For structural lightweight concrete, add 2 percent to the values to allow 


for entrapped air in the aggregate particles, а range of + 16 percent is per- 
missible. 

**The air content of the mortar fraction of the concrete should be about 
9 percent. 


e. Tests for Air Content. Available methods for 
determining air entrainment in freshly mixed con- 
crete measure only air volume and not the air void 
characteristics. This has been shown to be gener- 
ally indicative of the adequacy of the air void sys- 
tem when using air-entraining materials meeting 
ASTM specifications. Tests should be made regu- 
larly during construction with samples taken im- 
mediately after discharge from the mixer and also 
from the concrete after it has been placed and 
consolidated. The following methods for determin- 
ing the air content of freshly mixed concrete have 
been standardized: 


(1) Pressure method. This test (ASTM 
C231) is practical for field testing of all concretes 
except those made with highly porous and light- 
weight aggregates. 


(2) Volumetric method. This test (ASTM 
C173) is practical for field testing of all concretes, 
but is particularly useful for concretes made with 
lightweight and porous aggregates. 


(3) Gravimetric method. This test (ASTM 
C138) is impractical as a field test method since it 
requires accurate knowledge of specific gravities 
and absolute volumes of concrete ingredients but 
can be satisfactorily used in the laboratory. 


2-10. Other Admixtures 


a. Water-Reducing Admixtures. A water-reduc- 
ing admixture is a material used for the purpose 
of reducing the quantity of mixing water required 
to produce concrete of a given consistency. These 
admixtures increase the slump for a given water 
content. 


b. Retarding Admixtures. Retarders are some- 
times used in concrete to reduce the rate of hydra- 
tion to permit the placement and consolidation of 
concrete before the initial set. These admixtures 
are also used to offset the accelerating effect of hot 
weather on the setting of concrete. These admix- 
tures generally fall in the categories of fatty 
acids, sugars, and starches. 


c. Accelerating Admixtures. Accelerating ad- 
mixtures accelerate the setting and the strength 
development of concrete. Calcium chloride is the 
most commonly used accelerator. It should be 
added in solution form as part of the mixing 
water and should not exceed 2 percent by weight 
of cement. Calcium chloride or other admixtures 
containing soluble chlorides should not be used in 
prestressed concrete, concrete containing embed- 
ded aluminum, concrete in permanent contact with 
galvanized steel, or concrete subjected to alkali-ag- 
gregate reaction or exposed to soils or water con- 
taining sulfates. 


d. Pozzolans. Pozzolans are siliceous or siliceous 
and aluminous materials which combine with 
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calcium hydroxide to form compounds possessing 
cementitious properties. The properties of pozzo- 
lans and their effects on concrete vary considera- 
bly. Before one is used it should be tested in order 
to determine its suitability. 


e. Workability Agents. It is often necessary to 
improve the workability of fresh concrete. Worka- 
bility agents frequently used include entrained air, 
certain organic materials, and finely divided mate- 
rials. Fly ash and natural pozzalons used should 
conform to ASTM C618. 


f. Dampproofing and Permeability-Reducing 
Agents. Dampproofing admixtures, usually wa- 
ter-repellant materials, are sometimes used to 
reduce the capillary flow of moisture through con- 
crete that is in contact with water or damp earth. 
Permeability-reducing agents are usually either 
water-repellents or pozzolans. 


g. Grouting Agents. The properties of portland 
cement grouts are altered by the use of various 
air-entraining admixtures, accelerators, retarders, 
workability agents, and so on, in order to meet the 
needs of a specific application. 


h. Gas-Forming Agents. Gas-forming materials 
may be added to concrete or grout in very small 
quantities to cause a slight expansion prior to 
hardening in certain applications. However, while 
hardening, the concrete or grout made with gas- 
forming material has a decrease in volume equal 
to or greater than that for normal concrete or 
grout. 


CHAPTER 3 


PROPORTIONING CONCRETE MIXTURES 


Section І. 


3-1. Basic Considerations 


In arriving at the proportional quantities of 
cement, water and aggregate for a concrete mix, 
one of three methods (book, trial batch, or abso- 
lute volume) is commonly used. The book method 
is а theoretical procedure in which established 
data is used to determine mix proportions. Due to 
the variation of the materials (aggregates) used, 
mixes arrived at by the book method require ad- 
justment in the field following the mixing of trial 
batches and testing. Concrete mixtures should be 
designed to give the most economical and practical 
combination of the materials that will produce the 
necessary workability in the fresh concrete and 
the required qualities in the hardened concrete. 


3-2. Selecting Mix Characteristics 


Certain information must be known before a con- 
crete mixture can be proportioned. The size and 
shape of structural members, the concrete 
strength required, and the exposure conditions 
must be determined. The water-cement ratio, ag- 
gregate characteristics, amount of entrained air, 
and slump are significant factors in the selection 
of the appropriate concrete mixture. 


a. Water-Cement Ratio. In arriving at the wa- 
ter-cement ratio, the requirements of strength, 
durability, and watertightness of the hardened 
concrete must be considered. These factors are 
usually specified by the engineer in the design of 
the structure or assumed for purposes of arriving 
at tentative mix proportions. It is important to 
remember that a change in the water-cement ratio 
changes the characteristics of the hardened con- 
crete. Selection of a suitable water-cement ratio is 
made from table 3-1 for various exposure condi- 
tions. Note that the quantities are the recom- 
mended maximum permissible water-cement ra- 
tios. As indicated in table 3-1, under certain con- 
ditions the water-cement ratio should be selected 


BOOK METHOD 


on the basis of concrete strength. In such cases, if 
possible, tests should be made with job materials 
to determine the relationship between water-ce- 
ment ratio and strength. If laboratory test data or 
experience records for this relationship cannot be 
obtained, the necessary water-cement ratio may be 
estimated from figures 3-1 and 3-2, the lower 
edge of the applicable strength band curve should 
be used, and the desired design strength of the 
concrete should be increased by 15 percent accord- 
ing to ACI requirements. If flexural strength 
rather than compressive strength is the basis for 
design as in pavements, tests should be made to 
determine the relationship between water-cement 
ratio and flexural strength. An approximate rela- 


tionship between flexural and compressive 
strength is— 
R 2 
5 -( K ) 
K 
where f/, — compressive strength, in psi 
R = flexural strength (modulus of rup- 
ture), in psi, third-point loading 
K = a constant, usually between 8 and 


10. 


In cases where both exposure conditions and 
strength must be considered, the lower of the two 
indicated water-cement ratios should be used. 


b. Aggregate. 

(1) Fine aggregate. Fine aggregate fills the 
spaces in the coarse aggregate and increases the 
workability of the mix. In general, aggregates 
which do not have a large deficiency or an excess 
of any size and give a smooth grading curve pro- 
duce the most satisfactory mix. Fine aggregate 
grading and fineness modulus are discussed in 
paragraph 2-52(1) and (2). 

(2) Coarse aggregate. The largest size aggre- 
gate which is practical should be used. The larger 
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Table 3-1. ACI Recommended Maximum Permissible Water-Cement Ratios for Different 
Types of Structures and Degrees of Exposure* 


Severe wide range in temperature or 
frequent alternations of freezing and thawing 
(air-entrained concrete only) 


Type of structures 


In air 


A. Thin sections such as reinforced piles and pipe .... ON 


Bridge decks____- M 


Thin sections such as railings, curbs, sills, ledges, 
ornamental or architectural concrete, and all sec- 
tions with less than 1-іп. concrete cover over 


LEWMORCEIMENtE Т E E SAO ON 


D. Moderate sections, such as retaining walls, abut- 
ments, piers, girders, beams. .... E EE 6 


Concrete deposited by tremie under water 


Concrete slabs laid on the ground-------------- 5 6 


п О uB 


Pavements . . 


I. Concrete protected from the weather, interiors of 
buildings, concrete below ground. ........ А А tt 


J. Concrete which will later be protected by enclosure 
or backfill but which may be exposed to freezing 
and thawing for several years before such protec- 
Oya iS Mel M ____ С 6 


Exterior portions of heavy (mass) весїоп5--------- 6.5 


І 
i 
' 
1 
1 
! 
L 
1 
1 
П 
1 
1 
1 
1 
1 
1 
П 
1 
[91] 
or 


Exposure conditions** 


Mild temperature rarely below 
freezing, or rainy, or arid 
(gallons/sack) 

(gallons/sack) 


At water line or within 
range of fluctuating 
water level or spray 


At water line or within 
range of fluctuating 
water level or spray 


MÀ ИИ ИСС - In air 
In sea water In sea water 
In fresh or in contact In fresh or in contact 
water with sulfatest water with sulfatest 
5 4779 6 SMS 4.5 
5 Al 8) $58) 8.5 5 
кк A E E 6 953) gum c 
NS 5 tt 6 5 
ON 9 Tt 6 5 
5 DAE com не лы ти 5 9 
cT CCS NN. tl ule C CRT PERPE 
ЕКСЕ 222265. 6 oot 1... 
жэ е ъ ьа E DNE T poate ae с. 
езекл 22222252222 ТАГ кеше е ес э soe 


*Adapted from Recommended Practice for Selecting Proportions for Concrete (ACI 618—54). | КЕ . D 
** Air-entrained concrete should be used under all conditions involving severe exposure and may be used under mild exposure conditions to improve workability 


of the mixture. 


fSoil or groundwater containing sulfate eoncentrations of more than 0.2 per cent. For moderate sulfate resistance, the tricalcium aluminate content of the ce- 
ment should be limited to 8 per cent, and for high-sulfate resistance to 5 per cent. At equal cement contents, air-entrained concrete is significantly more resistant 


to sulfate attack than non-air-entrained concrete. 


{tWater-cement ratio should be selected on basis of strength and workability requirements, but minimum cement content should not be less than 470 Ib. per 


cubic yard. 


the maximum size of the coarse aggregate, the less 
mortar and paste will be necessary. It follows that 
the larger the coarse aggregate, the less water and 
cement will be required for a given quality of con- 
crete. The maximum size aggregate should not 
exceed one-fifth the minimum dimension of the 
member, or three-fourths of the clear space be- 
tween reinforcing bars. For payment or floor 
slabs, the maximum size aggregate should not 
exceed one-third the slab thickness. The maximum 
size of coarse aggregate that produces concrete of 
maximum strength for a given cement content de- 
pends upon aggregate source as well as aggregate 
shape and grading. For many aggregates, this 
"optimum" maximum size is about 34 inch. 


c. Entrained Air. Entrained air should be used 
in all concrete exposed to freezing and thawing 
and may be used for mild exposure conditions to 
improve workability. It is recommended for all 
paving concrete regardless of climatic conditions. 
The recommended total air contents for air-en- 
trained concretes are shown in table 3-2. When 
mixing water is held constant, the entrainment of 
air will increase slump. When cement content and 
slump are held constant, less mixing water is re- 
quired; the resulting decrease in the water-cement 
ratio helps to offset possible strength decreases 
and results in improvements in other paste prop- 
erties such as permeability. Hence, the strength of 
air-entrained concrete may equal, or nearly equal, 
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Figure 3-1. Age-compressive strength relationships for types I and 111 
non-air-entrained portland eement. 


Table 3-2. Approximate Mixing Water Requirements for Different Slumps and Maximum Sizes of Aggregates* 


Non-air-entrained concrete 


Approximate i Slump, in. 


Air-entrained concrete 


Recommended Slump, in. 
average total 
air eontent, 


per cent} 


Maximum size of 
aggregate, in. 


ТЕС c 


amount of: 
entrapped air, 
per cent 


1to2 | 3to4 ile Duc 


Water gal. per cu. yd. of concrete* 


Water, gal. per cu.yd. of concrete** 


3, 7.5 3.0 

М 7.5 2.5 

34 6.0 22 
6.0 1.5 

м 5.0 1.0 ; 
5.0 0.5 36 
4.0 0.3 BT 
3.0 0.2 30 


*Adapted from Recommended Praetice for Selecting Proportions for Conerete (ACI 613-54). 
**These quantities of mixing water are for use in computing cement factors for trial batches. They are maximums for reasonably well-shaped angular coarse 


uggregates graded within limits of aecepted specifieations. 
tPlus or minus 1 per cent. 
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Figure 3-2. Age-compressive strength relationships for types I and III 
air-entrained portland cement. 


that of non-air-entrained concrete when their 
cement contents and slumps are the same. 


d. Slump. The slump test is generally used as a 
measure of the consistency of concrete. It should 
not be used to compare mixes with wholly diff- 
erent proportions or mixes with different kinds of 
sizes of aggregates. When used to test different 
batches of the same mixture, changes in slump 
indicate changes in materials, mix proportions, or 
water content. Acceptable slump ranges are indi- 
cated in table 3-3. 


e. Mix Proportions. Knowing the water-cement 
ratio, slump, maximum size of aggregate, and fine- 
ness modulus, tables of trial mixes such as tables 
3-4 and 8—5 сап be used to determine the propor- 
tions of trial mixes. The quantities in tables 8—4 
and 3-5 are based on concrete having a slump of 3 
to 4 inches, with well graded aggregates having a 
specific gravity of 2.65. For other conditions it is 


necessary to adjust the quantities in accordance 
with the footnotes. 


Table 3-3. Recommended Slumps for Various Types of 
Construction* 


Slump, inches 


Type of construction 


Reinforced foundation walls and footings- . 


Unreinforced footings, caissons, and sub- 
5{тцсйге walls кз EE 


Reinforced slabs, beams, and walls.......- 
Building columns 
Pavements- eee ee CE ee 
Heavy mass construction=---25=-----=-== 
Bridge даса. ЗІ. 


Sidewalk, driveway, and slabs on ground. _ 


*When high-frequency vibrators are used, the values may be decreased 
approximately one-third, but in no case should the slump exceed 6 inches. 
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Table 3-4. Suggested Trial Mixes for Non-Air-Entrained Concrete of Medium 
Consistency with 3- to 4-Inch Slump* 


Water- With fine sand—fineness modulus = 2.50 
cement Maximum size Air content Water gal per Cement sacks 
ratio of aggregate (entrapped air) cu yd o per cu yd Fine aggregate Fine aggregate Coarse aggregate 
Gal per inches per cent concrete of concrete per cent of lb per cu yd lb per cu yd 
sack total aggregate of concrete of concrete 
4.5 3 0.3 1260 
Жаб 9.8 1520 
2 ОЙ 1800 
1.5 8.7 1940 
1 8.0 2110 
5.0 3 46 4-2 1260 
2.5 44 8.8 1520 
2 41 8.2 1800 
1.5 39 Tale! 1940 
1 36 1.2 2110 
5.5 3 46 8.4 1260 
od 44 8.0 1520 
2 41 1.5 1800 
1.5 89 ПЕТ! 1940 
1 86 6.5 2110 
6.0 % 8 46 7.7 1260 
16 2. 44 1.8 1520 
34 2 41 6.8 1800 
ША 39 6.5 1940 
2% 1 36 6.0 2110 
6.5 34 3 46 71 1260 
16 De 44 6.8 1520 
4 2 41 6.3 1800 
1 ТЕ 39 6.0 1940 
126 1 36 5.5 2110 
7.0 % 8 46 6.6 1260 
V6 Dad 44 6.3 1520 
М 2 41 5.9 1800 
1 1.5 39 5.6 1940 
1% 1 36 Soll 2110 
7.5 3 .1 55 1260 
2m9 59 48 1520 
2 .5 41 1800 
1. "2 38 1940 
1 .8 35 2110 
8.0 off 56 1260 
259) 48 1520 
ЛІ 42 1800 
59 39 1940 
.5 35 2110 


*See footnote at end of table. 


26 (3-6) CONCRETE, MASONRY AND BRICKWORK 


Table 3-4. Suggested Trial Mixes for Non-Air-Entrained Concrete of Medium Consistency with 3- to 4-Inch Slump*— Continued 


With average sand—fineness modulus = 2.75 With coarse sand—fineness modulus = 2.90 
Fine aggregate Fine aggregate Coarse aggregate Fine aggregate Fine aggregate Coarse aggregate 
percent of Ib per cu yd lb per cu yd percent of lb per cu yd lb per cu yd 
total aggregate of concrete of concrete total aggregate of concrete of concrete 


52 1150 
45 1400 
37 1680 
34 1830 
32 1990 
54 1150 
46 1400 
39 1680 
36 1830 
34 1990 
55 1150 
j 47 1400 
40 1680 
37 1830 
35 1990 
56 1150 
48 1400 
41 1600 
38 1830 
36 1990 
57 1150 
49 1400 
42 1680 
39 1830 
36 1990 
57 1150 
50 1400 
42 1680 
39 1830 
37 1990 
Буз 1150 
50 1400 
18 1600 
10 1830 
97 1990 
58 1150 
51 1400 
44 1680 
41 1830 
38 1990 


*Increase or decrease water per cubic yard by 3 per cent for each increase or decrease of 1 in. in slump, then caleulate quantities by absolute volume method. 
For manufactured fine aggregate, increase percentage of fine aggregate by 3 and water by 17 lb. per cubic yard of concrete. For less workable concrete, as in pavements, 
decrease percentage of fine aggregate by 3 and water by 8 lb. per cubic yard of concrete. 
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Table 3-5. Suggested Trial Mixes for Air-Entrained Concrete of Medium Consistency with 3- to 4,-Inch Slump* 


Water- With fine sand—fineness modulus — 2.50 
cement Maximum size Air Content Water gal per Cement sacks 
ratio of aggregate (entrapped air) cu yd of per cu yd Fine aggregate Fine aggregate Coarse aggregate 
Gal per inches per cent concrete of concrete per cent of lb per cu yd lb per cu yd 
sack total aggregate of concrete of concrete 
4.6 11.5 41 50 1260 
7.5 39 41 1520 
6 86 85 1800 
6 34 32 1940 
5 32 29 2110 
5.0 7.5 51 1260 
7.5 43 1520 
6 37 1800 
6 33 1940 
5 31 2110 
5.5 7.5 41 52 1260 
7.5 39 44 1520 
6 36 38 1800 
6 34 34 1940 
5 32 32 2110 
6.0 7.5 41 53 1260 
1.5 89 45 1520 
6 36 38 1800 
6 34 35 1940 
5 32 32 2110 
6.5 7.5 41 54 1260 
( 39 45 1520 
6 36 39 1800 
6 34 36 1940 
5 32 38 2110 
7.0 7.5 41 54 1260 
7.5 39 46 1520 
6 36 40 1800 
6 34 36 1940 
5 32 33 2110 
7.5 7.5 41 55 1260 
7.5 39 47 1620 
6 36 40 1800 
6 34 37 1940 
5 32 34 2110 
8.0 7.5 41 1260 
7.5 39 1520 
6 36 1800 
6 34 1940 
5 32 2110 


*See footnote at end of table. 
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Table 3-5. Suggested Trial Mixes for Air-Enirained Concrete of Medium Consistency with 3- to 4-Inch Slump*— Continued 


With average sand—fineness modulus — 2.75 With coarse sand—fineness modulus — 2.90 
Fine aggregate Fine aggregate Coarse aggregate Fine aggregate Fine aggregate Coarse aggregate 
percent of lb per cu yd ]b per cu yd percent of ]b per cu yd lb per cu yd 
total aggregate of concrete of concrete total aggregate of concrete of concrete 


53 54 1360 1156 
44 46 1180 1400 
38 89 1090 1680 
34 86 1010 1830 
32 33 990 1990 
54 1150 
46 14000 
39 1630 
36 1880 
38 1990 
55 1150 
46 1400 
40 1680 
37 1830 
34 1990 
56 1150 
4T 1400 
41 1680 
37 1830 
35 1990 
56 1150 
48 1400 
41 1680 
88 1830 
36 1990 
57 1150 
49 1400 
42 1680 
38 1830 
36 1990 
57 1150 
49 1400 
43 1680 
39 1830 
gn 1990 
58 1150 
50 1400 
43 1680 
40 1830 
37 1990 


“Іпсгеазе or decrease water per cubic yard by 3 per cent for each increase or decrease of 1 in. in slump, then calculate quantities by absolute volume method 
For manufactured fine aggregate, increase percentage of fine aggregate hy 3 and water by 17 lb. per cubic yard of concrete. For less workable concrete, as in pavements» 
decrease percentage of fine aggregate by 3 and water by 8 lb. per cubic yard of concrete. 
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f. Example. The mix proportions are to be de- 
termined for a water-cement ratio of 6 gallons per 
sack, maximum aggregate size of 1 inch, aircon- 
tent of 6 + 1 percent, and a slump of 3 to 4 
inches. The fine aggregate has a fineness modulus 
of 2.50 and a moisture content of 5 percent. The 
coarse aggregate has a moisture content of 1 per- 
cent. 


Table 8—5 for air-entrained concrete will be used 
because of the air content requirement. The fol- 
lowing quantities per cubic yard are taken from 
table 8—5: 


Cement 5.7 sacks == 595 pounds 
Water 34 gallons — 285 pounds 
Fine aggregate 1,040 pounds 
Coarse aggregate 1,940 pounds 

Total 3,800 pounds 


The moisture content of the aggregates must be 
considered since the tables are for the saturated, 
surface-dry condition. The free moisture in the 
fine aggregate is 5 percent of 1,040 pounds or 52 
pounds (use 50 pounds). The free moisture in the 
coarse aggregate is 1 percent of 1,940 pounds or 
approximately 19 pounds (use 20 pounds). The 
corrected weights per cubic yard of concrete are— 


Cement 535 pounds 
Water 285 — 50 — 20 — 215 pounds 
Fine 

aggregate 1,040 + 50 == 1,090 pounds 
Coarse 

aggregate 1,940 + 20 == 1,960 pounds 
Total 3,800 pounds 


When these quantities were mixed the consistency 
was such that the slump was approximately 1 


Section Il. 


3-3. Basic Considerations 


The trial batch method of mix design utilizes the 
actual materials in arriving at mix proportions 
instead of the tables of trial mixes (tables 3-4 and 
3-5). When the quality of the concrete mixture is 
specified in terms of the water-cement ratio, the 
trial batch procedure consists essentially of com- 
bining a paste (water, cement, and, generally, en- 
trained air) of the correct proportions with the 
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inch. Additional water (25 pounds) was added to 
bring the slump to slightly more than 3 inches. 
The unit weight was measured to be 145 pounds 
per cubic foot. Since the unit weight of the con- 
crete was 145 pounds per cubic foot and the total 
weight of concrete was 3,800 + 25 = 3,825 
pounds, the volume of concrete was 26.4 cubic 
feet. This is slightly less than 1 cubic yard (27 
cubic feet). The principal reason for this discrep- 
ancy is that the specific gravity values of the ag- 
gregates were probably different from those as- 
sumed in tables 8—4 and 3-5. In small adjustments 
it may be assumed that the unit weight of the 
concrete remains essentially constant and that the 
amount of water required per cubic yard of con- 
crete remains constant. The adjusted water re- 
quirement is— 


2 
26.4 X 310 pounds = 315 pounds == 38 gallons 


Note that the 310 pounds used is the total amount 
of water needed, 285 -- 25 pounds. The adjusted 
cement requirement is 


38 gallons 
------- == 6.3 sacks = 595 pounds 
6 gallons 


sack 


The weight of materials per cubic yard of concrete 
must total 145 x 27 — 3,910 pounds, approxi- 
mately. The total weight of aggregates must 
therefore be 3,910 —315 —595 — 3,000 pounds. 
Table 3-5 indicates that 35 percent of this should 
be fine aggregate. 


The adjusted trial mix proportions (per cubic 
yard) are therefore: 


Cement 6.3 sacks 

Water 38 gallons 
Fine aggregate 1,050 pounds 
Coarse aggregate 1,950 pounds 


TRIAL BATCH METHOD 


necessary amounts of fine and coarse aggregates 
to produce the required slump and workability. 
Quantities per sack and/or per cubic yard are 
then calculated. It is important to use representa- 
tive samples of the aggregates, cement, water, and 
air-entraining admixture, if used. The aggregates 
should be pre-wetted; allowed to dry to a satu- 
rated, surface-dry condition; and placed in cov- 
ered containers to keep them in this condition 
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until use. This procedure simplifies calculations 
and eliminates error caused by variations in ag- 
gregate moisture content. The size of the trial 
batch is dependent on the equipment and the test 
specimens to be made. Baiches using 10 to 20 
pounds of cement may be adequate, although 
larger batches will produce more accurate data. 
Machine mixing is recommended since it more 
nearly represents job conditions; it is mandatory 
if the concrete is to contain entrained air. 


3—4. Example Using Trial Batch Procedure 


The mix proportions are to be determined for con- 
crete which will be used in a retaining wall that 
will be exposed to fresh water in a severe climate. 
A compressive strength of 3,000 psi at 28 days is 
required. The minimum thickness of the wall is 8 
inches and 2 inches of concrete must cover the 
reinforcement. All trial mix data will be entered 
in the appropriate blanks on the trial mix data 
worksheet, figure 3-3. 


Line D of table 3-1 indicates that a maximum 
water-cement ratio of 5.5 gallons per sack will 
satisfy the exposure requirements. Using type IA 
(air-entrained) portland cement and a compres- 
sive strength of 3,450 psi (3,000 psi +15 percent), 
figure 3-2 indicates that a maximum water-ce- 
ment ratio of approximately 5.75 gallons per sack 
will satisfy the strength requirements. In order to 
meet both specifications a water-cement ratio of 
5.5 gallons per sack is selected. Since the maxi- 
mum size of coarse aggregate must not exceed 
one-fifth the minimum thickness of the wall, nor 
three-fourths of the clear space between reinforce- 
ment and the surfaces, the maximum size of 
coarse aggregate is chosen as 115 inches. Because 
of the severe exposure conditions, the concrete 
should contain entrained air. From table 3-2, the 
recommended air content is 5 + 1 percent. If we 
assume that the concrete will be consolidated by 
vibration, table 3-3 indicates a recommended 
slump of from 2 to 4 inches. The tria] batch pro- 
portions are now determined. A batch containing 
20 pounds of cement is chosen for convenience. 
The mixing water required is therefore 


20 gal Ib 


-- 5.5 x 8.88 — = 9.8 pounds 
94 sack gal 


Representative samples of fine and coarse aggre- 
gates are selected and weighed. This is recorded in 
column (2) of figure 3-3. All of the measured 


quantities of cement, water, and air-entraining 
admixture are used. Fine and coarse aggregates 
are then added until a workable mixture having 
the proper slump is produced. Figure 3-4 indi- 
cates the appearance of fresh concrete with 
correct and incorrect amounts of mortar. The 
weight of material actually used is recorded in 
column (4). The weights for a 1-bag batch and per 
cubic yard are calculated and recorded in columns 
(5) and (6), respectively. The cement factor in 
bags per cubic yard is calculated and recorded as 
indicated in figure 3-3. The percentage of fine ag- 
gregate by weight of total aggregate is also in- 
cluded as is the yield of concrete in cubic feet per 
bag. The slump, air content, workability, and unit 
weight of concrete are determined and noted as 
shown. To determine the most economical propor- 
tions, additional trial batches should be made 
varying the percentage of fine aggregate. In each 
batch the water-cement ratio, aggregate grada- 
tions, air content, and slump are maintained ap- 
proximately the same. Results of four such trial 
batches are summarized in table 8-6. For these 
mixes, the percentage of fine aggregate is plotted 
against the cement factor in figure 8-5. The mini- 
mum cement factor (5.72 sacks per cubic yard, use 
5.1) occurs at a fine aggregate content of about 32 
percent of total aggregate. Since the water-cement 
ratio is 5.5 gallons per sack and the unit weight of 
the concrete for an air content of 5 percent is 
about 144 pounds per cubic foot, the final quanti- 
ties for the mix proportion (per cubic yard) are— 


Cement 5.7 sacks — 535 pounds 


Water 5.7 sacks x 5.5 gal/sack 31.5 gallons = 260 pounds 
Total 795 pounds 


3,890 pounds 
3,095 pounds 

990 pounds 
2,105 pounds 


Conerete per cubic yard 144 x 27 = 
Aggregates 3,890 — 795 E 
Fine aggregate ‚82 X 3,095 = 
Coarse aggregate 3,095 — 990 


Table 3-6. Examples of Results of Laboratory Trial Mixes* 


Fine 
aggregate, 
per cent 
of total 
aggregate 


Air 
content, 
per cent 


Work- 
ability 


Excellent 
Harsh 

Excellent 
Good 


A 69 NN ғ. 


“Тһе water-cement ratio selected was 5.5 gal/sack. 
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CONCRETE 


TRIAL MIX DATA 


PROJECT NO: 


STRUCTURE: Ж Tarmin g Waca 


EXPOSURE CONDITION: 
Severe or Moderate 


In air 
In Fresh Water МУ 
In Sea Water 


ТҮРЕ OF STRUCTURE (А-1): _ LY? 
МАХ. М/С FOR EXPOSURE: 2:7 gal/sack 
MAX. W/C FOR WATERTIGHTNESS 
ТҮРЕ OF CEMENT 7/47 
FINENESS MODULUS OF SAND 2/75 


SPECIFIC GRAVITY: 
Sand 2.60 
Gravel 2.65 


[Initial 
Wt. (1b) 


Mild 


5251 


gal/sack 
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J" 
/2 


^t 1% 


MAXIMUM SIZE AGGREGATE: 
AIR CONTENT 5. — 


DESIRED SLUMP RANGE 
MAX, Ф in. MIN. 2 in. 


STRENGTH REQUIREMENT: 3450 psi 
М/С FOR STRENGTH: 2.75 gal/bag 
USE W/C _ 5.5 


gal/sack 


gal /sack 


DATA FOR TRIAL BATCH 


(Saturated, surface-dry aggregates) 


for 


1-Бад Batch 


(7) 
REMARKS 


РН 
22.2 G40 546 | 5.74-bag/cu.yd. 

T 
goa I OIN ША 
25722 


wem | o ____ 


i 
Air Content 5,4 % 


Admixture 
Measured Slump: 3 in. Workabi lity: 7422 
Unit Wt. of concrete = м = А 
Wt. Container concrete (lb. 2% В 
o 
Wt. Container (16. & A 362 = 149 lb/cu.ft. 
Wt. Concrete = A (lb. + 6771 
Vol. Container = B (cu.ft. ‚25 Yield = — = = 4.7 cu. ft. /bag 
«^ j44 


Figure 8-3. Worksheet for concrete trial mix data. 
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CALCULATIONS 


Column (4) = Column (2) minus Column (3) 

Column (5) = Column (4) times (94 + Wt. of Cement Used) 
m ge Total Wt. of material for l-baq batch (T) 

Unit wt. of concrete (w) 

Cement factor = 27 + yield 

Column (6) = Column (5) times cement factor 


(Cement factor) x (wt. of water for l-baq batch 


Gal./cu.yd. 8.33 (lb. of water per gal.) 


(Cement factor) x (W/C) 


Figure 38—3— Continued 
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(a) A concrete mixture in which there 1s not sufficient cement-sand mortar to fill all (b) A concrete mixture which contains correct amount of cement-sand mortar. Witl 
he spaces between coarse aggregate particles. Such ә mixture will be difficult to handle light voweling all spaces between coarse aggregate particles are filled with mortar Not 
nd place and will result in rough, honeycombed surfaces and porous concrete. appearance on edges of pile. This is а good wurkable mixture and will дме maximun 


yield uf concrete with г given amount ot cement. 


(c) A concrete mixture in which there is an excess of cement sand mortar. While 
such a mixture 15 plastic and workable and will produce smooth surfaces, the yield of 
concrete will be low and consequently uneconomical Such concrete is also likely to be 


porous, 


Figure 3-4. Appearance of concrete mixes with eorrect and incorrect 
amounts of mortar. 
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6.0 


CEMENT CONTENT, SACKS PER CUBIC YARD 


Figure 3-5. Relationship between percentage of fine 
aggregate and cement content for a given water-cement 
ratio and slump. 


Section Ill. 


3—5. Basic Considerations 


Concrete mixtures may be proportioned by using 
absolute volumes. This method is detailed in the 
American Concrete Institute (ACI) report, Rec- 
ommended Practice for Selecting Proportions for 
Concrete (ACI 613-54). In this method, the wa- 
ter-cement ratio, slump air, content, and maxi- 
mum size of aggregate are selected as before. In 
addition, the water requirement is estimated from 
table 3-2. Certain additional items must be known 
before calculations can be made. These are: the 
specific gravities of fine and coarse aggregates, the 
dry-rodded unit weight of coarse aggregate, and 
the fineness modulus of the fine aggregate. If the 
maximum size of aggregate and the fineness mod- 
ulus of the fine aggregate are known, the volume 
of dry-rodded coarse aggregate per cubic yard can 
be estimated from table 3-7. Then the quantities 
per cubic yard of water, cement, coarse aggregate, 
and air can be calculated. The sum of the absolute 
volumes of these materials in cubic feet is then 
subtracted from 27 to give the specific volume of 
fine aggregate. 


FINE AGGREGATE, PER CENT OF TOTAL AGGREGATE 
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ABSOLUTE VOLUME METHOD 


Table 3-7. Volume of Coarse Aggregate Per Cubic Yard of 


Concrete 
Maxi- Fineness modulus of fine aggregate 
mum = |———————_—_ о ————— 
size of 2.40 | 2.60 2.80 3.00 
aggre- | ———————— BSAS 
gate, in. Coarse aggregate, cu, ft. per cu. yd.* 


*Volumes are based on aggregates in dry-rodded condition as described 
in Method of Test for Unit Weight of Aggregate (ASTM C29). These volumes 
are selected from empirical relationships to produce concrete with a degree 
of workability suitable for usual reinforced construction. For less workable 
concrete such as required for concrete pavement construction, they may be 
increased about 10 percent. When placement is to be by pump, they should 
be decreased about 10 percent. 


3-6. Example Using Absolute Volume Method 


The mix proportions are to be determined for the 
following conditions: 


PROPORTIONING CONCRETE MIXTURES 


Maximum water-cement ratio 5.5 gallons per sack 


Maximum size of aggregate % inch 
Air content 6 + 1 percent 
Slump 2 to 3 inches 


Finenes modulus of fine aggregate 2.75 

Specific gravity of portland cement 3.15 

Specific gravity of fine aggregate 2.66 

Specific gravity of coarse aggregate 2.61 

Dry-rodded unit weight of coarse 104 pounds per cubic 
aggregate foot 


The water requirement is estimated at about 34 
gallons per cubic yard from table 3-2. Since the 
maximum water-cement ratio 18 5.5 gallons per 
sack, the cement factor must be at least 6.2 sacks 
per cubic yard. The volume of dry-rodded coarse 
aggregate is estimated to be 16.9 cubic feet per 
cubic yard from table 3-7. Thus the weight of 
coarse aggregate is 16.9 x 104 — 1,758 pounds. 
The absolute volumes of these quantities of mate- 
rials is now calculated by use of the relationship: 


weight of material 


eusolute volume = =_=: 
specific gravity xunit weight of water 


The unit weight of water is 62.4 pounds per cubic 
foot, and water weighs approximately 8.33 pounds 
per gallon. Thus the absolute volumes are— 


Cement 
6.2 x 94 
3.15 x 624 
Water 
84 x 8.33 


1 x 62.4 


= 2.97 cubic feet 


— 4.54 cubic feet 
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Coarse aggregate 


1,758 
--------- = 10.80 cubic feet 
2.61 X 62.4 
Air 
206 X 27 = 1.62 cubic feet 
Total = 19.93 cubic feet 


The absolute volume of the fine aggregate is— 
27.00 — 19.93 — 7.07 cubic feet 
and its weight is— 
7.07 x 2.66 x 62.4 — 1,170 pounds. 


These estimated quantities should be used for the 
first trial batch. Subsequent batches should be ad- 
justed by maintaining the water-cement ratio con- 
stant and achieving the desired slump and air con- 
tent. 


3-7. Variation in Mixes 


The proportions arrived at in determining mixes 
will vary somewhat depending upon which method 
is used. This occurs because of the empirical na- 
ture of these methods. It does not necessarily 
imply that one method is better than another. 
Each method begins by assuming certain needs or 
requirements and then proceeding to determine 
the other variables. Since the methods begin diff- 
erently and use different procedures, the final pro- 
portions vary slightly. This is to be expected, and 
it further points out the necessity of trial mixes in 
determining the final mix proportions. 


| 


CHAPTER 4 


FORM DESIGN AND CONSTRUCTION 


Section l. 


4—1. Importance 


Formwork may represent as much as one-third of 
the total cost of a concrete structure, so the im- 
portance of the design and construction of this 
phase of a project cannot be overemphasized. The 
character of the structure, availability of equip- 
ment and form materials, anticipated repeated use 
of the forms, and familiarity with methods of con- 
struction influence design and planning of the 
formwork. Forms must be designed with a knowl- 
edge of the strength of the materials and the loads 
to be carried. The ultimate shape, dimensions, and 
surface finish must also be considered in the pre- 
liminary planning phase. Forms also provide pro- 
tection for concrete, aid in curing, and support re- 
inforcing rods and conduit which may be embedded 
within the concrete. 


4—2. Use 


Forms for concrete structures must be tight, rigid, 
and strong. If forms are not tight, there will be a 
loss of mortar which may result in honeycomb, or 
a loss or water that causes sand streaking. The 
forms must be braced enough to stay in alinement, 
and strong enough to hold the concrete. Special 
care should be taken in bracing and tying down 
forms, such as those for retaining walls, in which 
the mass of concrete is large at the bottom and 
tapers toward the top. In this type of construction 
and in other types, such as the first pour for walls 
and columns, the concrete tends to lift the form 
above its proper elevation. If the forms are to be 
used again they must be easily removed and re-e- 
rected without damage. Most forms are made of 
wood but steel forms are commonly used for work 
involving large unbroken surfaces, such as retain- 
ing walls, tunnels, pavements, curbs, and side- 
walks. Steel forms for sidewalks, curbs, and pave- 


ments are especially advantageous since they can 
be used many times. 


PRINCIPLES 


4—3. Materials 


Forms are generally constructed from three diff- 
erent materials: 


a. Earth. Earth forms are used in subsurface 
construction where the soil is stable enough to re- 
tain the desired shape of the concrete structure. 
The advantages of this type of form are that less 
excavation is required and there is better settling 
resistance. The obvious disadvantage is a rough 
surface finish, so the use of earth forms is gener- 
ally restricted to footings and foundations. 


b. Metal. Metal forms are used where added 
strength is required or where the construction will 
be duplicated at another location. Metal forms are 
more expensive, but they may be more economical 
than wooden forms if they can be used often 
enough. Examples of their use would be highway 
paving forms or curb and sidewalk forms. 


c. Wood. Wooden forms are by far the most 
common type used in building construction. They 
have the advantage of economy, ease in handling, 
ease of production, and adaptability to many de- 
sired shapes. Added economy may result from 
reusing form lumber later for roofing, bracing, or 
similar purposes. Lumber should be straight, 
structurally sound, strong, and only partially sea- 
soned. Kiln-dried timber has a tendency to swell 
when soaked with water from the concrete. If the 
boards are tight jointed the swelling causes bulg- 
ing and distortion. If green lumber is used allow- 
ance should be made for shrinkage or the forms 
should be kept wet until the concrete is in place. 
Soft woods such as pine, fir, and spruce make the 
best and most economical form lumber since they 
are light, easy to work with, and available in al- 
most every region. Lumber that comes in contact 
with the concrete should be surfaced on one side at 
least and on both edges. The surfaced side is 
turned toward the concrete. The edges of the lum- 
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ber may be square, shiplap, or tongue and groove. 
The latter makes а more watertight joint and 
tends to prevent warping. Plywood can be used 
economically for wall and floor forms if it is made 
with waterproof glue and is identified for use in 
concrete forms. Plywood is more warp-resistant 
and can be reused more often than lumber. Ply- 
wood is made in thicknesses of +4, 3, 946, 5%, and 
34 of an inch and in widths up to 48 inches. Al- 
though longer lengths are manufactured, 8-foot 
lengths are the most commonly used. The 5%-апа 
34-inch thicknesses are most economical; the thin- 
ner sections will require solid backing to prevent 
deflection. The 14-inch thickness is useful for 
curved surfaces. 


d. Fiber Forms. Impregnated and waterproofed 
cardboard and other fiber materials are used as 
forms for round concrete columns and other appli- 
cations where preformed shapes are desirable. 
These forms are usually made by gluing successive 
layers of fiber together and molding them to the 
desired shape. А major advantage of these forms 
is the time saved since form fabrication at the job 
Site is not necessary. 


4—4. Forming 


а. Wall Forms. Elements of wooden forms for a 
concrete wall are shown in figure 4—1. 


WIRE THRU 
SPREADERS 


SHEATHING 


Figure 4-1. Form for a concrete wall. 


(1) Sheathing. Sheathing forms the surfaces 
of the concrete. It should be as smooth as possible, 
especially if the finished surfaces are to be ex- 
posed. Since the concrete is in a plastic state when 
placed in the form, the sheathing should be water- 
tight. Tongue and groove sheathing gives a 
smooth watertight surface. Plywood or hardboard 
can also be used. 


(2) Studs. The weight of the plastic concrete 
will cause the sheathing to bulge if it is not rein- 
forced. Studs are run vertically to add rigidity to 
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the wall form. Studs are generally made from 2 x 
4 or 3 x 6 material. 


(3) Wales (Walers). Studs also require rein- 
forcing when they extend over four or five feet. 
This reinforcing is supplied by double wales. Dou- 
ble wales also serve to tie prefabricated panels 
together and keep them in a straight line. They 
run horizontally and are lapped at the corners of 
the forms to add rigidity. Wales are usually made 
from the same material as the studs. 


(4) Braces. There are many types of braces 
which can be used to give the forms stability. The 
most common type is a diagonal member and hori- 
zontal member nailed to a stake and to a stud or 
wale. The diagonal member should make a 30° 
angle with the horizontal member. Additional 
bracing may be added to the form by placing vert- 
ical members (strongbacks) behind the wales or 
by placing vertical members in the corner formed 
by intersecting wales. Braces are not part of the 
form design and are not considered as providing 
any additional strength. 


(5) Shoe plates. The shoe plate is nailed into 
the foundation or footing and is carefully placed to 
maintain the correct wall dimension and aline- 
ment. The studs are tied into the shoe and spaced 
according to the correct design. 


(6) Spreaders. In order to maintain proper 
distance between forms, small pieces of wood are 
cut to the same length as the thickness of the wall 
and are placed between the forms. These are called 
spreaders. The spreaders are not nailed but are 
held in place by friction and must be removed be- 
fore the concrete hardens. A wire should be se- 
curely attached to the spreaders so that they can 
be pulled out after the concrete has exerted 
enough pressure to the walls to allow them to be 
easily removed. 


(7) Tie wires. Tie wire is a tensile unit de- 
signed to hold the concrete forms secure against 
the lateral pressure of unhardened concrete. A 
double strand of tie wire is always used. 


b. Column Forms. Elements of wooden forms 
for concrete columns are shown in figure 4-2. 


(1) Sheathing. In column forms, sheathing 
runs vertically to save on the number of sawcuts 
required. The corner joints should be firmly nailed 
to insure watertightness. 


(2) Batten. Batten are narrow strips of 
boards (cleats) that are placed directly over the 
joints to fasten the several pieces of vertical shea- 
thing together. 
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ANCHORBOLT 
TEMPLATE 


YOKE SHEATHING TYPE 


YOKE LOCK 


% 


E 
Е ЅСАВ ТҮРЕ 
YOKE LOCK 
BATTEN 
SHEATHING 
1 BOLT TYPE 


YOKE LOCK 


FOOTING 
FORM 


STAKES 


Figure 4-2. Form for a concrete column. 


Section II. 


4—5. Strength Considerations 


Forms for concrete construction must support the 
plastic concrete until it has hardened. Stiffness is 
an important feature in forms and failure to pro- 
vide for this may cause unfortunate results. 
Forms must be designed for all the weight they 
are liable to be subjected to including the dead 
load of the forms, plastic concrete in the forms, the 
weight of workmen, weight of equipment and ma- 
terials whose weight may be transferred to the 
forms, and the impact due to vibration. These fac- 
tors vary with each project but none should be 
neglected. Ease of erection and removal are also 
important factors in the economical design of 
forms. Platform and ramp structures independent 
of formwork are sometimes preferred to avoid dis- 
placement of forms due to loading and impact 
shock from workmen and equipment. 


4—6. Basis of Form Design 


When concrete is placed in the form, it is in a 
plastic state and exerts hydrostatic pressure on 
the forms. The basis of form design, therefore, is 
the maximum pressure developed by the concrete 
during placing. The maximum pressure developed 
will depend on the rate of placing and the temper- 
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(3) Yokes. The horizontal dimensions on а 
column are small enough so that bracing is not 
required in the vertical plane. A rectangular hori- 
zontal brace known as a yoke is used. The yoke 
wraps around the column and keeps the concrete 
from distorting the form. The yoke can be locked 
by the sheathing, scab, or bolt type yoke lock. 


DESIGN 


ature. The rate of placing will affect the pressure 
because it determines how much hydrostatic head 
will be built up in the form. The hydrostatic head 
will continue to increase until the concrete takes 
its initial set, usually in about 90 minutes. How- 
ever, at low temperatures, the initial set takes 
place much more slowly so it is necessary to consi- 
der the temperature, at the time of placing. Know- 
ing these two factors, and the type of form mate- 
rial to be used, a tentative design may be calcu- 
lated. 


4—7. Wall Forms 


a. Procedure. Is it desirable to design forms 
according to a step-by-step procedure to assure 
the consideration of all pertinent factors. Wooden 
forms for a concrete wall should be designed by 
the following steps: 


(1) Determine the materials available for 
sheathing, studs, wales, braces, shoe plates and tie 
wires. 


(2) Determine the mixer output by dividing 
the mixer yield by the batch time. Batch time in- 
cludes loading all ingredients, mixing, and unload- 
ing. If more than one mixer will be used, multiply 
mixer output by the number of mixers. 
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Mixer output (cu ft/hr) — 


Mixer yield (cu ft) 60 min 


COUTE MÀ — 4 2€ 
Batch time (min) hr 


(3) Determine the area that is enclosed by 
the forms. 


Plan area (sq ft) = Lx W 


(4) Determine the rate (vertical feet per 
hour) of placing the concrete in the form by divid- 
ing the mixer output by the plan area. 


Mixer output (cu ft/hr) 
Racor ТЫЙ (i) = —— ааа 
Plan area (sq ft) 


(5) Make a reasonable estimate of the placing 
temperature of the concrete. 


(6) Determine the maximum concrete pres- 
sure by entering the bottom of figure 4—8 with the 
rate of placing. Draw a line vertically up until it 
intersects the correct concrete temperature curve. 
Read horizontally across from the point of in- 
tersection to the left side of the graph and deter- 
mine the maximum concrete pressure. 


MAXIMUM CONCRETE PRESSURE IN 100 LBS/SQ FT 


RATE OF PLACING IN FT / HR 


Figure 4-3. Maximum concrete pressure graph. 
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(T) Determine the maximum stud spacing by 
entering the bottom of figure 4—4 with the maxi- 
mum concrete pressure. Draw a line vertically up 
until it intersects the correct sheathing curve. 
Read horizontally across from the point of in- 
tersection to the left side of the graph. If the stud 
spacing is not an even number of inches, round the 
value of the stud spacing down to the next lower 
even number of inches. For example, a stud spac- 
ing of 17.5 inches would be rounded down to 16 
inches. 


(8) Determine uniform load on a stud by 
multiplying the maximum concrete pressure by 
the stud spacing. 


Uniform load on stud (lb/lineal ft) = 
Maximum concrete pressure (lb/sq ft) X 
stud spacing (ft) 

(9) Determine the maximum wale spacing by 
entering the bottom of figure 4—5 with the uni- 
form load on a stud. Draw a line vertically up 
until it intersects the correct stud size curve. Read 
horizontally across from the point of intersection 
to the left side of the graph. If the wale spacing is 
not an even number of inches, round the value of 
the wale spacing down to the next lower even 
number of inches. Double wales (two similar 
members) are used in every case as shown in 
figure 4—1. 


(10) Determine the uniform load on a wale 
by multiplying the maximum concrete pressure by 
the wale spacing. 


Uniform load оп wale (1b/lineal ft) = 
Maximum concrete pressure (lb/sq ft) xwale spacing 
(ft) 


(11) Determine the tie wire spacing, based on 
the wale size, by entering the bottom of figure 4-6 
with the uniform load on a wale. Draw a line vert- 
ically up until it intersects the correct double wale 
size curve. Read horizontally across from the 
point of intersection to the left side of the graph. 
If the tie spacing is not an even number of inches, 
round the value of the tie spacing down to the next 
lower even number of inches. 


(12) Determine the tie wire spacing based on 
the tie wire strength by dividing the tie wire 
strength by the uniform load on a wale. If the tie 
wire spacing is not an even number of inches, 
round the computed value of the tie spacing down 
to the next lower even numer of inches. If possi- 
ble, use a tie wire size that will provide a tie spac- 
ing equal to or greater than the stud spacing. Al- 
ways use a double strand of wire. If the strength 
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MAXIMUM STUD SPACING IN INCHES 
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Figure 4-4. Maximum stud spacing graph. 


of the available tie wire is unknown, the minimum 
breaking load for a double strand of wire (found 
in the Army supply system) is given in table 4-1. 
Tie wire spacing (in) = 
Tie wire strength (lbs) х (12 in/ft) 
Uniform load on wale (1b/ft) 


(13) Determine the maximum tie spacing by 
selecting the smaller of the tie spacings based on 


the wale size and on the tie wire strength. 


(14) Compare the maximum tie spacing with 
the maximum stud spacing. If the maximum tie 
spacing is less than the maximum stud spacing, 
reduce maximum stud spacing to equal the maxi- 
mum tie spacing and tie at the intersections of the 
studs and wales. If the maximum tie spacing is 
greater than the maximum stud spacing, tie at the 
intersections of the studs and wales. 
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(15) Determine the number of studs for one tion, place studs at the spacing determined above. 
side of a form by dividing the form length by the The spacing between the last two studs may be 
stud spacing. Add one (1) to this number and less than the maximum allowable spacing. 


round up the next integer. During form construc- 
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Legth of form (ft) X12 (in/ft) 8. Uniform load on studs — 460 lb/sq ft x 
No. of studs= z К zig J 
Stud spacing (in) 18 in. — 690 lb/ft 
ПОВЕС О 


Table 4-1. Breaking Load of Wire 
STEEL WIRE 


Minimum breaking load 
Size of wire double strand 
Gage No. Poun 


8 1700 
9 1420 
10 1170 
11 930 


BARBED WIRE 


Size of each wire Шш, breaking load 


Gage No. ounds 

12% 950 
ЛЕ 660 
1315 950 
14 650 
15% 850 


! Single strand barbed wire. 


(16) Determine the number of wales for one 
side of the form by dividing the form height by 
the wale spacing and round up to the next integer. 
Place first wale one-half space up from the bottom 
and the remainder at the maximum wale spacing. 

(17) Determine the time required to place the 
concrete by dividing the height of the form by the 
rate of placing. 


b. Example Form Design Problem: Design the 
forms for a concrete wall 40 feet long, 2 feet thick, 
and 10 feet high. A 16S Mixer is available and the 
crew can produce а batch (16 cu ft) of concrete 
every 5 minutes. The concrete temperature is esti- 
mated to be 70? F. Material available for use in 
constructing forms includes 2 x 4's and one-inch 
board sheathing. 


Solution Steps: 


1. Material available: 2 x 4's, one inch 
sheathing and No. 9 wire. 


2. Mixer output — 16 cu ft x 60 min — 
5 min hr 
192 cu ft/hr 


3. Plan area of forms = 40 ft Xx 2 ft = 
80 sq ft 


192 cu ft/hr — 24 


4. Rate of placing = 830 sq it 


ft/hr 
Temperature of concrete: 70° F. 


Maximum concrete pressure (fig. 4-3) — 
460 lb/sq ft 


7. Maximum stud spacing (fig. 4—4) = 
18 +, use 18 inches 


9. Maximum wale spacing (figure 4-5) = 
23 + use 22 inches 


10. Uniform load on wales — 460 lb/sq ft X 


22 їп 
TENUTI 843 lb/ft 


11. Tie wire spacing based on wale size (fig. 
4-6) = > 30 inches 

12. Tie wire spacing based on wire strength — 
1420 lb x 12 in/ft _ 
= Жоо рл Т ТБ/ == 20+—use 20 
inches 


13. Maximum tie spacing — 20 inches 


14. Maximum tie spacing is greater than 
maximum stud spacing, therefore, reduce 
the tie spacing to 18 inches and tie at 
the intersection of each stud and double 
wale 


15. Number of studs per side — (40 ft X 


12 in/tt)) 4 26.7 + 1, use 28 studs 
18 in 


16. Number of double wales per side = 
10 ft x 12 in/ft == 5-+—use 6 double 


СЕ 
wales 
17. Time required to place concrete — 


10 ft 
724 ft/hr == 4.17 hrs. 


4—8. Column Forms 


a. Procedure. Wooden forms for a concrete 
column should be designed by the following steps: 


(1) Determine the materials available for 
sheathing, yokes, and battens. Standard materials 
for column forms are 2 x 4’s and 1-inch sheathing. 


(2) Determine the height of the column. 
(3) Determine the largest cross-sectional di- 
mension of column. 


(4) Determine the yoke spacings by entering 
table 4—2 and reading down the first column until 
the correct height of column is reached. Then read 
horizontally across the page to the column headed 
by the largest cross-sectional dimension. The cen- 
ter-to-center spacing of the second yoke above the 
base yoke will be equal to the value in the lowest 
interval that is partly contained in the column 
height line. All subsequent yoke spacings may be 
obtained by reading up this column to the top. 
This procedure gives maximum yoke spacings. 
Yokes may be placed closer together if desired. 
Table 4-2 is based upon use of 2 x 4's and 1-inch 
sheathing. 
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Table 4-2. Column Yoke Spacing 
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b. Example Problem: Determine the yoke spac- 
ing for a 9-foot column whose largest cross-sec- 
tional dimension is 36 inches. 2 x 4's and 1-inch 
sheathing are available. 


Solution steps: 


1. Material available—2 x 4’s and l-inch 
sheathing 


2. Height of column is 9 feet 


3. Largest cross-sectional dimension of the 
column is 36 inches. 


4. Maximum yoke spacing for column (table 
4-2) starting from the bottom of form 
ame 57, RU ТОМЕ, ТАБ Т 
and 10”. The space between the top two 
yokes has been reduced because of the 
limits of the column height. 


4-9. Foundation Forms 


Foundation forms include forms for large foot- 
ings, wall footings, column footings, and pier foot- 
ings. These foundations or footings are relatively 
low in height and have a primary function of sup- 
porting a structure. The depth of concrete is 
usually small, therefore the pressure on the form 
is relatively low. Thus, design based on strength 
consideration generally is not necessary. When- 
ever possible, the earth should be evacuated and 
used as a mold for the concrete footings. Details 
for footing forms are given in paragraph 4—12. 


4-10. Floor Forms 


a. Procedure. Wooden forms for flat concrete 
slabs should be designed by the following steps: 


(1) Determine material available for sheath- 
ing, cleats, joists, stringers, and shores. Typical 
materials are—l-inch tongue and groove or 3⁄4- 
inch plywood for sheathing; 1- by 4-inch cleats, 
2- by 6-inch joists; 2- by 8-inch, 4- by 4-inch, or 4- 
by 6-inch stringers; and 4- by 4-inch shores. 


(2) Determine the total unit load on the floor 
form. The weight of ordinary concrete is assumed 
to be about 150 Ib per cubic foot. Using this figure, 
the weight of concrete is 50 pounds per square 
foot for a 4-inch slab, 63 pounds per square foot 
for a 5-inch slab, and 75 pounds per square foot for 
a 6-inch slab. In addition, a live load for men and 


CONCRETE, MASONRY AND BRICKWORK 


construction materials must be added. This is gen- 
erally 50 pounds per square foot, however, 75 
pounds per square foot is frequently used if pow- 
ered concrete buggies are utilized. 


(3) Determine the spacing of floor joists. 
Table 4—3 indicates the joist spacing as a function 
of slab thickness and span of the joists for 2-by 
4-inch joists. This table gives spans determined by 
considering joist strength only. It does not take 
into consideration the deflection of the sheathing. 
If this is of concern, it should be checked by sepa- 
rate calculation. The joist span may be shortened 
by the addition of stringers. 


(4) Determine the location of the stringers 
which support the joists. For short spans, it may 
not be necessary to use stringers. 


(5) Determine the spacing of the shores, or 
posts, which support the stringers. Maximum 
spans for stringers are given in table 4—4. 


b. Example Problem. A 5-inch concrete floor 
slab has a span of 12 feet. Material available in- 
cludes 1-inch tongue and groove sheathing, 1 x 4's, 
2 x 65, and 4 x 4’s, and 2 x 8’s. Determine the 
spacing of the joists, stringers, and shores. 


Solution Steps: 


1. Material available: 1-іпеһ tongue and 
groove, 1 х 4’s, 2 х 68,4 x 4’s, and 2 x 8s. 


2. Total unit load = live load + concrete load 
= 50 + 63 = 118 lb per sq ft 


3. Spacing of joists (use 2 x 6’s, table 4-3) : 
Locate a stringer in the middle of the 
span, giving a joist span of 6 feet and a 
joist spacing of 4 feet. 


4. Stringer spacing (use 2 x 8's) = 6 feet 
(from above). 


5. Spacing of shores (use 4 x 4’s, table 4—4) 
= 5 feet 


Table 4-8. Joint Spacing for 2- by 6-Inch Joist* 


Conerete slab 


Joist span 
thickness 


4-foot 5-foot | 6-foot | 7-foot | 8-foot | 9-foot | 10-foot 


*Based only on joist strength, does not consider deflection of sheathing. 


FORM DESIGN AND CONSTRUCTION 


(4-11) 47 


Table 4-4. Maximum Spans for Stringers 


Concrete slab 
thickness 


Spacing of stringers* 
2- x 8-inch stringer 


4- x 6-inch stringer 


1-foot 


* Spacing based on live load of 50 lb per sq ft. For a live load of 75 lb per sq ft, increase slab thickness by 2" and use the corresponding spacing. 


4-11. Stair Forms 


Various types of stair forms are used, including 
prefabricated forms. For moderate width stairs 


Section lll. 


4-12. 


а. Footing Forms. When possible, the earth 
should be excavated so as to form a mold for con- 
crete wall footings. Otherwise, forms must be con- 
structed. In most cases, footings for columns are 
square or rectangular. The four sides should be 
built and erected in panels. The earth must be 
thoroughly moistened before the concrete is placed. 
The panels for the opposite sides of the footing 
are made to exact footing width. The 1-inch-thick 
sheathing is nailed to vertical cleats spaced on 2- 
foot centers. See (a) in figure 4-7 which shows a 
typical form for a large footing. Two-inch dressed 
lumber should be used for the cleats and cleats 
spaced 215 inches from each end of the panel as 
shown. The other pair of panels (b), figure 4-7, 
have two end cleats on the inside spaced the length 
of the footing plus twice the sheathing thickness. 
The panels are held together by No. 8 or 9 soft 
black annealed iron wrapped around the center 
cleats. All reinforcing bars must be in place before 
the wire is installed. The holes on each side of the 
cleat permitting the wire to be wrapped around 
the cleat should be less than one-half inch in diam- 
eter to prevent leakage of mortar through the 
hole. The panels may be held in place with form 
nails until the tie wire is installed. АП nails should 
be driven from the outside part way so that they 
may be withdrawn easily when the forms are re- 
moved. For forms 4 feet square or larger, stakes 
should be driven as shown. These stakes and 1 x 6 
boards nailed across the top prevent spreading. 
The side panels may be higher than the required 
depth of footing since they can be marked on the 
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joining typical floors, design based on strength 
considerations is not generally necessary. A typi- 
cal wooden stairway form is discussed in para- 
graph 4-17. 


CONSTRUCTION 


inside to indicate the top of the footing. If the 
footings are less than 1 foot deep and 2 feet 
square, the forms can be constructed of 1-inch 
sheathing without cleats. Boards for the sides of 
the form are cut and nailed as shown in figure 4-8. 


b. Footing and. Pier Forms. It is often necessary 
to place a footing and a small pier at the same 
time. The form for this type of concrete construc- 
tion is shown in figure 4—9. The units are similar 
to the one shown in figure 4-7. Support for the 
upper form must be provided in such a way that it 
does not interfere with the placement of concrete 
in the lower form. This is done by nailing 2 by 4's 
or 4 by 4's to the lower form as shown. The top 
form is then nailed to these support pieces. 


c. Wall Footings. Form work for a wall footing 
is shown in figure 4—10 and methods of bracing 
the form are given in figure 4—11. The sides of the 
forms are made of 2-inch lumber having a width 
equal to the depth of the footing. These pieces are 
held in place with stakes and are maintained the 
correct distance apart by spreaders. The short 
brace shown at each stake holds the form in line. 


4-13. Wall Forms 


a. Construction. Wall panels should be made up 
in lengths of about 10 feet so that they can be 
easily handled. The panels are made by nailing the 
sheathing to the studs. Sheathing is normally 1- 
inch (13/16” dressed) tongue and groove lumber, 
or 34-inch plywood. The panels are connected to- 
gether as shown in figure 4-12. Form details at 
the corner of a wall are given in figure 4-13. 
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STAKES 


Figure 4-7. Typical large footing form. 


FORM SIDES 


FORM SIDES NAILED IN POSITION 


Figure 4-8. Small footing form. 


Where curtain walls and columns are placed at the 
same time, the wall form construction should be as 
shown in figure 4-14. The wal! form is made 
shorter than the clear distance between column 
forms to allow for a wooden strip to act as a 
wedge. In stripping the forms, the wedge is re- 
moved first to facilitate form removal. 


b. Ties «nd Spreaders. The sides of the wall 
form must be kept apart with spreaders until the 


concrete is placed. They must also be tied together 
so they will not spread apart as the concrete is 
poured. Two methods of doing this with wire ties 
are shown in figures 4-15 and 4-16. The method 
shown in figure 4-15 illustrates the use of wire 
ties; this method should be used only for low walls 
and when tie rods are not available. The wire 
should be No. 8 or No. 9 gage soft black annealed 
iron wire, but in an emergency barbed wire can be 
used. The individual ties should have the same 
spacing as the stud spacing but never more than 3 
feet. A spreader should be placed near each tie 
wire. Each tie is formed by looping a wire around 
the wale on one form side. It is then brought 
through the forms, crossed inside the forms, and 
looped around the wale on the opposite side. The 
wire is finally made taut by twisting. When the 
wedge method is used the wire is first twisted 
around the point of the wedge. After this the nail 
is removed and the wedge driven tight in order to 
draw the wire taut. The wood spreaders shown 
must be removed as the forms are filled so that 
they will not become embedded in the concrete. А 
convenient way to remove these spreaders is 
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Figure 4-9. Footing and pier form. 


shown in figure 4—17. A wire fastened to the bot- 
tom spreader is passed through holes drilled to one 
side of the center of each spreader. Pulling on the 
wire will remove the spreaders one after another 
as the concrete level rises in the forms. The tie rod 
and spreader illustrated in figure 4-16 serves both 
as a tie and a spreader. It should have the same 
spacing as tie wires. After the form is stripped, 
the rod is broken off at the notch which is slightly 
inside the concrete surface. If rust stains are 
objectionable and if the wall forms are to be main- 
tained in exact position, this type tie and spreader 
should be used. If appearance is important, the 
holes made by breaking off the tie bar should be 
grouted in with a mortar mix. 


4—14. Beam and Girder Forms 


a. Beam Form. The type of construction to be 
used for beam forms depends upon whether the 
form is to be removed in one piece or whether the 
sides are to be stripped and the bottom left in 


place until such time as the concrete has developed 
enough strength to permit removal of the shoring. 
The latter type beam form is preferred; details 
for this type are shown in figure 4-18. Beam 
forms are subjected to very little bursting pres- 
sure but must be shored up at frequent intervals 
to prevent sagging under the weight of the fresh 
concrete. 


b. Beam Form Constructions. The bottom of the 
form has the same width as the beam and is in one 
piece the full width. The sides of the form should 
be 1-іпеһ thick tongue and groove sheathing and 
Should lap over the bottom as shown in figure 
4—19. The sheathing is nailed to 2- by 4-inch struts 
placed оп 3-foot centers. A 1- by 4-inch piece is 
nailed along the struts. These pieces support the 
joist for the floor panel, as shown. The sides of the 
form are not nailed to the bottom but are held in 
position by continuous strips as shown in detail E. 


The cross pieces nailed on top serve as spreaders. 
After erection, the slab panel joints hold the beam 
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Figure 4-10. Typical wall footing form. 


sides іг position. Girder forms are the same as c. Assembly. The method of assembling beam 
beam forms except that the sides are notched to and girder forms is illustrated in figure 4—19. The 
receive the beam forms. Temporary cleats should connection of the beam and girder is illustrated in 
be nailed across the beam opening when the girder Detail D. The beam bottom butts up tightly 
form is being handled. against the side of the girder form and rests on a 
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Figure 2-11. Methods of bracing wall footing forms. 
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Figure 4-12. Method of connecting wall form panels 
together. 

2- by 4-inch cleat nailed to the girder side. Detail 
C shows the joint between beam and slab panel 
and details A and B show the joint between girder 
and column. The clearances given in these details 
are needed for stripping and also to allow for 
moyement that will occur due to the weight of the 
fresh concrete. The 4 by 4 posts used for shoring 
the beams and girders should be spaced so as to 
provide support for the concrete and forms and 
wedged at either the bottom or top for easy dis- 
mantling. 


4-15. 


a. Column Forms. Forms for square columns 
are made of wood and forms for round columns 
are made of steel or cardboard impregnated with 
a waterproofing compound. 


Column and Footing Forms 


b. Construction. Figure 4-2 shows an assembled 
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column and footing form. The forms for the 
column sides are built in units and nailed to the 
yokes. The yoke spacing will be determined from 
table 4-2 according to instructions contained in 
paragraph 4—8. 


c. Erection. The column form is erected as a 
unit after the steel reinforcing is assembled and 
tied to dowels in the footing. Placement of rein- 
forcing steel in columns is described in chapter 6. 
The form should have a clean-out hole in the bot- 
tom through which debris can be removed. The 
pieces of lumber removed to make the clean-out 
holes should be nailed to the form so that they 
may be put back in place before concrete is placed 
in the column. 


4—16. Floor Forms 


The floor panels referred to in paragraph 4—14 for 
the system are constructed as shown in figure 
4-20. The 1l-inch-thick tongue and groove shea- 
thing is nailed to 1- by 4-inch cleats on 3-foot cen- 
ters. Three-quarter-inch plywood may be substi- 
tuted for the 1-inch-thick tongue and groove shea- 
thing. These panels are supported by 2- by 6-inch 
joists. The spacing for these joists is obtained 
from table 4-3. The spacing of the joists depends 
upon the thickness of the concrete slab to be sup- 
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Figure 4-18. Details at corner of wall form. 
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Figure 4-14. Wall form for curtain walls. 


ported and the span of the joist. If the concrete 
floor slab spans the distance between two walls, 
the panels are used in the same manner as when 
beams support the floor slab. 


4-17. 


Figure 4-21 shows one method of constructing 
stair forms for widths up to and including 3 feet. 
The sloping wooden platform that makes up the 
form for the underside of the steps should be 
made of 1-inch-thick tongue and groove sheathing. 
This panel should extend about 12 inches beyond 
each side of the stairs to provide a support for the 
stringer bracing blocks. The back of the sloping 


Stair Forms 


panel should be shored up with 4 by 4's as shown. 
The 2- by 6-inch cleats nailed to the shoring 
should be spaced on 4-foot centers. The 4- by 4- 
inch shoring should rest on wedges to permit easy 
adjustment and to make it possible to remove the 
posts without any difficulty. The side stringers are 
made by 2- by 12-inch lumber cut as required for 
the tread and risers. The piece forming the riser 
should also be 2-inch-thick material beveled as 
shown. 


4—18. Steel Pavement Forms 


a. Standard steel pavement forms are rapidly 
and accurately set and should be used when ob- 
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Figure 4-15. Wire ties for wall forms. 


tainable. They are made of steel plate in sections 
10 feet long. They provide a traction surface for 
form riding equipment and contain the concrete. 
Forms for slab thicknesses of 6, 7, 8, 9, 10, and 12 
inches can normally be obtained. The usual base 
plate width is 8 inches. Locking plates rigidly join 
the ends of the sections. Three steel stakes per 
10-foot section of form are required. These stakes 
are 1 inch in diameter. 


b. After the stakes are driven, the form is set 
true to line and grade and clamped to the stakes 
by special splines and wedges. Forms are set on 
the subgrade ahead of the paver and must be left 
in place for at least 24 hours after the concrete is 
placed. 


c. The forms must be oiled immediately before 
the concrete is deposited. After the steel form is 
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Figure 4-16. Tie rod and spreader for wall form. 


completely oiled, the top side or traction edge of 
the form must be wiped free of oil. 


d. The forms are removed as soon as practica- 
ble, cleaned, oiled, and stacked in neat piles ready 
for reuse. 


4—19. 


a. Oil for Wood Forms. Before concrete is 
placed in wood forms, the forms must be properly 
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Figure 4-17. Removing wood spreaders. 
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treated with a suitable form oil or other coating 
material which will prevent the concrete from 
sticking. Oil used on wood forms should penetrate 
the wood and prevent absorption of water. Almost 
any light-bodied petroleum oil will meet these 
qualifications. Sealing compounds are sometimes 
used to preserve the form material. Shellac ap- 
plied to plywood is more effective than oil in pre- 
venting moisture from raising the grain and de- 
tracting from the finished surface of the concrete. 
Several commercial lacquers and similar products 
are also available for this purpose. If wooden 
forms are to be reused repeatedly, a coat of paint 
will help to preserve the wood. Occasionally, lum- 
ber delivered to the job will contain sufficient tan- 
nin or other organic substance to cause softening 
of the surface concrete. When this condition is 
recognized it can be remedied by treating the form 
surface with whitewash or limewater before 
applying the form oil or coating. 


b. Oil for Steel Forms. Column and wall forms 
Should be oiled before erection. All other forms 
can be oiled when most convenient but must be 
oiled before reinforcing steel is in place. Oils used 
on wood forms may not be suitable for steel 
forms; specially compounded petroleum oils are 
satisfactory. Synthetic castor oil and some marine 
engine oils are typical examples of compounded 
oils which have given good results on steel forms. 


c. Application of Oil. Successful use of form oil 
depends on the manner of application and the con- 
dition of the form. Forms should be clean and sur- 
faces should be smooth. Cleaning with wire 
brushes may mar the surface and cause sticking. 
The oil or coating should be applied by brush, 
spray, or swab and should cover the forms evenly 
and not be permitted to get on construction joint 
surfaces or reinforcing bars. Excess oil should be 
removed. The oil or other form coating used 
should not soften or stain the concrete surface or 
prevent the wet surfaces from being water-cured 
or hinder the proper functioning of sealing com- 
pounds used for curing. 


d. Other Coating Materials. Fuel oil is a satis- 
factory coating material except during warm 
weather. One part petroleum grease to three parts 
of fuel oil will provide enough thickness for warm 
weather. Asphalt paints, varnish, and boiled lin- 
seed oil are also suitable coating. 


e. Wetting Forms. If form oil is not obtainable, 
wetting may be substituted to prevent sticking but 
this should be as an emergency measure only. 
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Figure 4-18. Beam and girder forms. 
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4-20. Safety Precautions (3) Mud sills should be placed under shoring 
that rests in the ground. 

a. Form Construction. (4) Precautions should be taken when work 


is progressing on elevated forms to protect both 
men on the scaffolds and personnel on the ground. 
(5) Raising of large form panels should not 
(2) Tools, particularly hammers, should be be attempted in heavy gusts of wind either by 
inspected frequently. hand or by crane. 


(1) Protruding nails are one of the principal 
sources of accidents on form work. 
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Figure 4-20. Form for floor slab. 
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(6) АП shoring should be securely braced to 
preclude possible collapse of formwork. 


b. Stripping Forms. 


(1) Only workmen actually engaged in strip- 
ping the forms should be permitted in the immedi- 
ate work area. 

(2) No forms should be removed until the 
concrete has set. 

(3) Stripped forms should be piled immedi- 
ately to avoid congestion, exposed nails, and other 
hazards. 

(4) Wires under tension should be cut with 
caution to avoid backlash. 
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Figure 4-21. Stairway form. 


Section IV. 


4—21. Construction Joints 

a. Purpose. Construction joints are used be- 
tween the units of a structure and located so they 
wil not cause weakness. It would be preferable 
theoretically that each beam, girder, column, wall, 
or floor slab be placed in one operation to produce 
a homogeneous member without seams or joints, 


JOINTS AND ANCHORS 


but for practical reasons, this procedure is usually 
impossible. The planes separating the work done 
on different days, called construction joints, are 
placed where they will cause the minimum amount 
of weakness to the structure, and where the shear- 
ing stresses and bending moments are small or 
where the joints will be supported by other mem- 
bers. 
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b. Construction Joints Between Wall and Foot- 
ing. At a construction joint between a wall and its 
footing, a keyway is usually necessary to transfer 
the shearing stresses. A keyway must always be 
used if no reinforcing steel or dowels tie the wall 
and footing together. This keyway can be formed 
by pressing a slightly beveled 2 by 4 into the con- 
crete before it has set and removing the 2 by 4 
after the concrete has hardened. The 2 by 4 should 
be well oiled before it is used. Such a keyway is 
shown in figure 4—22. If the wall and footing can 
be placed at one time, а construction joint is not 
necessary. 


Figure 4-22. Construction joint between wall and footing. 


c. Vertical Construction Joints. If it is desirable 
to deposit the concrete for the full wall height, the 
forms should be divided into sections by vertical 
bulkheads as shown in figure 4-23. These bulk- 
heads should be spaced so that the complete sec- 
tion can be filled in one continuous operation. Ex- 
perience has shown that the V-joint in figure 4—24 
is less likely to break off than the joint shown in 
figure 4—23. If reinforcing steel or dowels cross 
the joint no projection is needed. 


d. Beam, Column, and Floor Slab Joints. The 
proper place to end a pour in construction involv- 
ing beams, columns, and floor slabs is shown in 
figure 4-25. The concrete in each column should be 
placed to the underside of the beam or floor slab 
above. A construction joint in a beam or floor slab 
should occur at the center of the span so as to 
avoid points of maximum shear. All construction 
joints in beams and slabs should be vertical. Rein- 
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Figure 4-23. Vertical bulkhead in wall. 
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Figure 4-24. Vertical V-construction joint. 


forcing steel or dowels should extend across the 
joint. A beam or slab should never be placed in 
two lifts vertically, for this produces a weak joint 
between the two layers. 


4—22. Expansion and Contraction Joints 


a. Principle. Shrinkage of concrete during hy- 
dration is comparable to a drop in temperature of 
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Figure 4-25. Location of construction joints in beams, columns, and floor slabs. 


30? to 80? F. depending on the richness of the 
mix. Contraction joints are necessary to permit 
the concrete to shrink during the curing process 
without damage to the structure. The structural 
engineer will consider the best place for the joints 
from a standpoint of serving the purpose. They 
are usually placed where there is a change in 
thickness, at offsets and where the concrete will 
tend to crack if shrinkage and deformations due to 
temperature are restrained. Joints should be about 
30 feet center-to-center in exposed structures. 


b. Expansion Joints. Expansion joints, in the 
form of vertical joints through the concrete, are 
used to isolate adjacent units of a structure, to 
prevent cracking due to shrinkage or temperature 
changes. Generally, an expansion joint is used 
with a premolded mastic or cork filler, if an elon- 
gation of adjacent parts and a closing of the joint 
is anticipated. Expansion joints for different types 
of structures are illustrated in figures 4-26 
through 4—28. Expansion joints shouid be installed 
every 200 feet. 


c. Contraction Joints. The purpose of contrac- 
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Figure 4-26. Expansion joint for wall. 


tion joints is to control cracking due to tempera- 
ture changes incident to shrinkage of the concrete. 
If the concrete cracks it will usually occur at these 
joints. Usually, the contraction caused by shrin- 
kage will offset a large part of the expansion due 
to a rise in temperature. Contraction joints are 
usually made with no filler or with a thin paint 
coat of asphalt, paraffin, or some other material to 
break the bond. Joints as shown in figure 4—29 
should be installed at 30-foot intervals or closer 
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Figure 4-27. Expansion joint for bridge. 
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Figure 4-28. Expansion joint for floor slab. 


depending on the extent of local temperature 
change. These dummy contraction joints are 
formed by cutting to a depth of one-fourth to one- 
third the thickness of the section. Contraction and 
expansion joints are not used in beams and col- 
umns. Contraction and expansion joints in rein- 
forced concrete floor slabs should be placed at 100- 
foot intervals in each direction. 

d. Concrete Pavement Joints. Concrete pave- 
ment joints as shown in figure 4—80 are discussed 
in detail in TM 5-337. 
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Figure 4-29. Dummy contraction ioint. 


4—23. Anchor Bolts 


a. Anchor Bolt with Pipe Sleeve. Two types of 
anchor bolts are shown in figure 4-81. The bolt 
and pipe sleeve is used to anchor machinery or 
Structural steel. The sleeve which should be at 
least 1 inch larger in diameter than the bolt, per- 
mits the bolt to be shifted to compensate for any 
small error that may occur in positioning. The 
Sleeves should be packed to prevent concrete from 
entering during the paving operation. When the 
machinery is set on a raised base 4 or more inches 
above the floor the pipe sleeve is not used. In this 
case, the anchor bolts are set in the floor so as to 
extend above the base. The machine is set, blocked 
up on scrap steel and leveled and the anchor bolts 
tightened. Then the concrete base is poured by 
packing the concrete into place from the sides. 


b. Hooked Anchor Bolt. The hooked type of 
anchor bolt (fig. 4—81) is used to bolt a wood sill to 
a concrete or masonry wall. The bolt shown in 
figure 4-32 is also used for this purpose. Care 
must be taken in placing concrete to avoid disturb- 
ing the alinement of suspended bolts. The holes in 
the board from which the anchor bolt is suspended 
should be ;4; inch larger than the bolt to permit 
adjustment of the bolt. 


c. Use of Templet. A templet is commonly used 
as shown in figure 4-33 to hold anchor bolts in 
place while the concrete is being poured. If sleeves 
are used they should be adjusted in the templet so 
that the top of the sleeve will be level with the top 
of the finished concrete. 
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Figure 2-30. Design and spacing of joints for concrete slab. 
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Figure 4-81. Anchor bolt details. 
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Figure 4-32. Suspended anchor bolt. 


Figure 4-33. Anchor bolts held in place by a templet. 
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CHAPTER 5 


CONSTRUCTION PROCEDURES 


Section 1. 


5-1. Consideration of Possible Difficulties 


А thorough and efficient reconnaissance of the 
construction site is done as the first step in the 
construction procedure. At this time any antici- 
pated problems in the clearing and draining of the 
site and in the transporting and storing of materi- 
als are noted. In addition the site should be inves- 
tigated for any unusual aspects, such as an unde- 
sirable soil or rock base, which may present con- 
struction problems. The anticipation and prior 
consideration of such problems will aid in avoid- 
ing unnecessary delays in construction. 


5—2. Specific Considerations 


a. Selection of Route. The selection of the best 
route to the construction site is based on the local 
traffic patterns, quality of existing roads and 
bridges, and the equipment to be used. Maximum 
use shall be made of the existing road net, since 


Section ll. 


5-3. Approach Roads 


Most new construction takes place on land which 
has not been previously developed. In order that 
materials may be delivered to the site, approach 
roads must be built Although these roads may 
have only temporary utility, they must be care- 
fully constructed because of the heavy loads to 
which they are subjected. It is also possible that 
the routes will be used for permanent roads. There 
should be enough lanes constructed so that а free 
flow of traffic can reach the construction site. 


5-4. Clearing and Draining of Site 


a. Land Clearing. Land clearing is a construc- 
tion operation consisting of clearing the construc- 
tion site of all trees, downed timber, brush, other 


RECONNAISSANCE 


time and effort can generally be saved in repairing 
or improving an existing road rather than con- 
structing a new one. When possible, an alternate 
route should be designated. 


b. Location of Water and Aggregate. The near- 
est or most convenient source of suitable mixing 
water must be deterniined. In some instances, al- 
ternate sources may be noted in the event that 
subsequent tests indicate that the first choice is 
not suitable. Whenever possible local sources of 
sand and gravel will be used. These sources should 
be located and any necessary tests designated. 


c. Estimation of Time. А carefully considered 
estimation of the time required for site prepara- 
tion will be made, based on the reconnaissance of 
the area. А good estimate assures that the proper 
equipment is available where needed and when 
needed. 


SITE PREPARATION 


vegetation and rubbish; removing surface boul- 
ders and other material embedded in the ground; 
and disposing of all material cleared. Heavy equip- 
ment may be necessary to clear the site of large 
timbers and boulders. Hand equipment, explosives, 
and fire also have applications in site clearing. The 
factors determining the methods to be used are 
the acreage to be cleared, the type and density of 
vegetation, the terrain as it affects the operation 
of equipment, the availability of equipment and 
personnel, and the time available for completion. 

b. Drainage. Adequate drainage must be pro- 
vided in areas which have high ground-water ta- 
bles and to carry off rain during the actual con- 
struction. Surface and sub-surface water can be 
withdrawn from the building site by using a well- 
point system or mechanical pumps. 
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5—5. Location of Building Site 


The building site can be staked out after the land 
has been cleared and drained. The batter-board 
layout has veen found to be satisfactory in the 
preliminary phases of construction. This method 
consists of placizs batter-boards at each corner 
approximateiy 2 to 6 feet outside of the corner. 
Nails аге set on the boards in such a way that 
when strings are extended between the nails, the 
strings outline the building area. 


5-6. Stockpiling of Construction Material 


a. Concrete Materials. In operations where 
large quantities of concrete аге required, an ag- 
gregate batching plant and a cement batching 
plant are essential. Stockpiles of aggregates 
should be built up and maintained at the batching 
plant and at the crushing and screening plant. 
Stockpiles prevent shortages at the batching plant 
caused by temporary production or transportation 
difficulties and also provide an opportunity for the 
fine aggregates to reach a fairly stable and uni- 
form moisture content and bulking factor. Large 
stockpiles are usually rectangular for ease in com- 
puting volumes and flat-topped to retain uniform- 
ity of gradation and to avoid the segregation 
which occurs when material is dumped so it can 
run down a long slope. An adequate supply of 
cement should be maintained at the cement batch- 
ing plant. Consideration of the amount of concrete 
to be used in the project and the rate of placement 
will aid in determining the size of stockpile to be 
maintained. If admixtures are to be used, a suffi- 
cient quantity must be on hand. 


Section Ill. 


5-9. General Considerations 


Once the construction site has been cleared and 
drained, the land must be cut to the proper eleva- 
tion for the placement of footings. Initial excava- 
tion should be done with suitable equipment; how- 
ever, final excavation should be done by hand, to 
the prescribed depths. Excavation should extend 
beyond the outside edge of the walls to allow for 
placement of forms and application of waterproof- 
ing. If too much material is excavated, place the 
concrete to the depth actually excavated. Do not 
refill excavations to the specified depth before 
placing the concrete because it is too difficult to 
compact the fill surface properly. Whenever an ex- 
cavation is to be carried to a depth which may 
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b. Materials at Construction Site. An adequate 
supply of material for formwork construction 
should be stockpiled at the construction site. If 
scaffolding will be needed, it will be necessary to 
stockpile this material also. The size and quantity 
of lumber stored will depend on the type of forms 
and/or scaffolding to be used in the construction. 


5-7. Batching Plants 


The cement batching plant may be operated at the 
same location as the aggregate batching plant or it 
may be located closer to the mixer, depending on a 
number of conditions. After a layout has been de- 
veloped, the batching plant is placed within crane 
reach of aggregate stockpiles and astride the 
batch truck routes. The crushing and screening 
plant is normally located at the pit but it may be 
operated at the batching plant or at a separate 
location. The initial location of aggregate, cement, 
and water, the quality of the aggregate, and the 
location of the work may all affect the position of 
the batching plant. If the road is favorable, a hill- 
side location permits gravity-handling of materi- 
als without excessive new construction and may 
eliminate cranes or conveyors. 


5-8. Safety Facilities 


The planning of safety facilities and in some cases 
the actual construction of the facilities should take 
place during site preparation. Such facilities in- 
clude overhead canopies and guard rails to protect 
personnel from falling debris and to prevent any- 
one from accidentally falling into open excava- 
tions. Certain sites, such as those where landslides 
may occur, will require additional safety facilities. 


EXCAVATION 


render the slopes unstable, some type of lateral 
support must be provided. This is true from the 
standpoint of safety as well as economy. Thus, it 
is good engineering practice to provide shoring 
whenever the stability of a slope is questionable. 
The type of shoring to be used will vary with the 
depth and size of the excavation, the physical 
characteristics of the soil, and the fluid pressure 
under saturated conditions. Sandy soils and wet 
earth generally require more extensive shoring 
than do firmer soils. 


5-10. Hand Excavation 


The rate of hand excavation is determined from 
table 5-1. It varies with the type of soil and the 


— HT 


depth of excavation. When mechanical equipment 
is used, the last six inches of bottom excavation 
must be cleared out and shaped by hand because it 
is extremely difficult to accurately excavate by ma- 
chine. 


5-11. Machine Excavation 


Machine excavation is a necessity for large proj- 
ects which require substantial excavation. Types 
of excavation equipment which are particularly 
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suitable for use in concrete construction work in- 
clude power shovels, dragline buckets, and back- 
hoes. Considerations which enter into the selection 
of equipment are the total yardage to be moved, 
working time available, type of excavation, and 
nature of the area. Due to the many variables, it is 
not possible to give generalized rates of excava- 
tion for various types of equipment. Some typical 
rates of excavation for specific conditions are 
given in table 5-2. In practice there will be consi- 
derable variation from these rates. 


Table 5-1. Earth Excavation by Hand 


Cubic yards per man-hour 


Loading 
in trucks 
Excavation with pick and or 
Type of material shovel to depth indicated Loosening wagons— 
earth— one man 
0 to 3 0 to 6 0 to 8 0 to 10 man with with 
foot foot foot foot pick shovel 
and loose 
soil 
Sander ee RII сли 1.8 
ШУБА ЕТТЕ 22-22 с 2.4 
(Gravel. loose ----.----22-----2.- 1.7 
Sandy silt-clay 2.0 
ИЙРЕ Сау t __ 1Л 
УСТАУ Бе кс ушы ы 1.7 
Кер лау ЗЕ 2 = a eran un eens 12 
Hardpan е RT 1.7 
Average output 
Equipment Type of materials cu yd/hr 
Power shovel Sandy loam 10 
(% cu yd capacity) Common earth 60 
Hard clay 45 
Wet clay 25 
Short-boom dragline | Sandy loam 65 
(15 cu yd capacity) Common earth 50 
Hard clay 40 
Wet clay 20 
Backhoe Sandy loam 55 
(35 cu yd capacity) Common earth 45 
Hard clay 35 
Wet clay 25 
*90° swing, closed pit such as basement. 
Section IV. FORMWORK 
5-12. Management Aspects b. Equipment. The required tools should be 


In connection with a job analysis, it is important 
to have a working knowledge of the equipment 
necessary for the job and an idea of how much 
work can be turned out by the form builders per 
unit of time. 

a. Techniques. Standardized methods of making, 
erecting, and stripping forms should be developed 
to the maximum possible extent. This saves time 
and material and simplifies design problems. 


made readily available. An average job will re- 
quire claw hammers, pinchbars, hand saws, porta- 
ble electric saws, а table saw, levels, plumb lines 
and carpenter's squares. 


5-13. 


A carpenter of average skill can build and erect 10 
square feet of wood forms per hour. This figure 
increases as the worker becomes more skilled in 


Time Element 
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form construction. It also varies with the available 
tools and materials and the type of form. Some 
forms, such as stairways, require considerable 
physical support from below, and so require more 
manhours and materials than simpler forms. Ad- 


Section V. 


5—14. 


Established and well-defined concrete mixing pro- 
cedures must be followed if the finished concrete is 
to be of good quality. Oversights in this phase of 
concrete construction whether through lack of 
competent and conscientious supervision or inat- 
tention to detail cannot be overcome later. It is the 
responsibility of those in charge of construction 
work to become familiar with concrete mixing 
procedures and to make sure that they are fol- 
lowed. The extra effort and care required are 
small in relation to the benefits. 


Principles 


5-15. 


To produce concrete of uniform quality, the ingre- 
dients must be measured accurately for each 
batch. Materials should be measured within this 
percentage of accuracy: cement, 1 percent; aggre- 
gate, 2 percent; water, 1 percent; admixtures, 3 
percent. Equipment should be capable of measur- 
ing quantities within these tolerances for the 
smallest batch regularly used as well as for larger 
batches. The accuracy of equipment should be 
checked periodically and adjusted when necessary. 
Admixture dispensers should be checked daily 
since errors in admixture measurements, particu- 
larly overdosages, can lead to serious problems in 
both fresh and hardened concrete. 


Measuring Mix Materials 


a. Cement. Concrete mixes are normally de- 
signed using sacked cement as the unit. The use of 
bulk cement is common practice in commercial 
construction where large quantities are needed. It 
is stored in bins directly above a weighing hopper 
and discharged from the hopper. Since special 
equipment is required to transport bulk cement, 
sacked cement is used almost exclusively in troop 
construction, particularly in the theater of opera- 
tions. 


b. Aggregates. Aggregates for each batch 
should be measured accurately, either by weight 
or by volume. Measurement by weight is the most 
reliable method, since the accuracy of volume 
measurement depends on the accuracy of an esti- 
mate of the amount of bulking which varies 
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ditional time is required if it is necessary for the 
carpenters to move frequently from one level to 
another. An increase in manpower support at the 
ground level can result in increased efficiency. 


MIXING 


according to the moisture in the sand. However, in 
some instances measurement by volume is more 
practical. 


(1) Measurement by weight. On compara- 
tively small jobs the aggregate can be weighed on 
platform scales. The scales should be set on the 
ground, and runways constructed so that a wheel- 
barrow can be run onto one side of the scale and 
off the other, as shown in figure 5-1. With practice 
it is possible to fill a wheelbarrow so accurately 
that it is seldom necessary to add or remove mate- 
rial to obtain the correct weight. The amount of 
aggregate placed on each wheelbarrow should be 
the same and the quantity per batch should be 
supplied by an even number of wheelbarrow loads. 
Hence the wheelbarrow may not be loaded to 
capacity each time. Wheelbarrows of from 2- to 3- 
cubic foot capacity are available in engineer units. 


Figure 5-1. Measurement of aggregate by weight. 


(2) Measurement by volume. Measuring by 
volume can be done by means of a 1-cubic foot 
measuring box built on the job. The inside of the 
box should be marked off in tenths of a cubic foot. 
The GI bucket can also be used as a measuring 
device; it contains 0.467 cubic feet which may be 
considered one-half cubic foot. If wheelbarrows 
are to be used to carry the aggregate from the 
storage pile to the mixer, the following procedure, 
based on a 38-cubic foot wheelbarrow, should be 
used. Assume that the proportions by volume are 
1:2:3 and each batch is to contain three sacks of 
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cement. Use the l-cubic foot measuring box to 
load 2.0 cubic feet of sand in the wheelbarrow. 
Draw a line around the inside of the wheelbarrow 
at the level of the sand. Three wheelbarrows filled 
to this level will then be used per batch. If the 
sand is damp, bulking and an increase in volume 
wil occur. For this reason measurement by vol- 
ume must be undertaken with care. The coarse 
aggregate can be measured directly from the 
wheelbarrow, using the previously drawn line. 


c. Water. Water for mixing must be accurately 
measured for every batch. If the aggregate con- 
tains excess moisture, this should be considered 
when mixing water is added. The water tanks of 
machine mixers are equipped with measuring de- 
vices operating on the principle of a siphon. After 
the tank is filled, the water is siphoned off. The 
amount of water going to the mixer is determined 
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by the setting of the siphon. Figure 5-2 illustrates 
this type of device. Slot B in the siphon tube is a 
vertical slot about one-half of эп inch wide. Slot A 
is a spiral slot extending from the bottom to the 
top of the casing around the siphon tube. The 
handwheel turns the siphon tube which changes 
the point where the spiral slot crosses the vertical 
slot. One complete turn of the handwheel controls 
minimum to maximum quantity of water. When 
the water is lowered to the level indicated in the 
figure and where the slots cross, air enters the 
siphon tube, breaking the siphon and stopping the 
flow of water. Continual maintenance and periodic 
checks on the quantity of water delivered assure 
proper operation of the apparatus. If the mixer is 
not equipped with an automatic measuring device, 
a pail, marked for gallons and fractions, may be 
used to measure the water. In any event mixing 
water should be measured carefully. 
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Figure 5-2. Water-measuring device on concrete mixer. 
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5—16. Hand Mixing 


Mixing is generally done by machine but some 
hand mixing is invariably necessary. A clean sur- 
face is required for this purpose. Ordinarily a 
wooden platform such as shown in figure 5—8, with 
close joints to prevent loss of mortar, is used. The 
wood surface should be moistened prior to mixing. 
The platform should be leveled before mixing is 
started. А clean, even paved surface will also 
serve the purpose of a mixing platform. The meas- 
ured quantity of sand is placed on the bottom and 
the cement is spread over the sand and then the 
coarse aggregate is spread on top. Either a hoe or 
a square pointed D-handle shovel can be used to 
mix the materials. The dry materials should be 
turned at least three times until the color of the 
mixture is uniform. Water is added slowly while 
the mixture is turned again at least three times. 
Water is gradually added until the proper consist- 
ency is obtained. When two men are mixing they 
should face each other working their way through 
the pile and keeping the shovels close to the sur- 
face of the platform while turning the materials. 
One man can mix 1 cubic yard of concrete by hand 
in about an hour, but this is not an economical 
method of mixing concrete in batches of over 1 
cubic yard. Concrete is also frequently mixed in a 
hoe-box as shown in figure 5—8. 


ROCK аы ж 10-0" | 


CEMENT SAND 


HOE 80X 


Figure 5-8. Mixing concrete by hand. 


5-17. Machine Mixing 


Power concrete mixers are available in several 
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sizes and types. A mixer will normally produce a 
batch about every 3 minutes, including charging 
and discharging. The actual hourly output of mix- 
ers may vary from 10 to 20 batches per hour. 


a. Types. The cubic-foot rating of a mixer is 
usually the number of cubic feet of wet concrete 
the machine mixes satisfactorily in one batch, 
except that most mixers will handle a 10 percent 
overload. The 16-S, power-driven skip mixer is 
TOE equipment in engineer construction battal- 
ions and is well suited for troop construction proj- 
ects. The physical characteristics of this mixer 
are given in table 5-3. 


Table 5-8. Physical Characteristics of the 16-5 Mixer 


Mixer, concrete, gas driven * 
liquid cooled, end dis, 
charge, trailer mounted 
4 pneumatic tired wheels, 

16 cu ft 


Physical characteristics 


Drum capacity a a а 16 cu ft 
Hourly production-------------- 10 cu yd 
Rating (sacks per batch)____-_-- 2 

Power unit: 

Ногзероз%/ег-_--..--------------- 26 
Fuel consumption (gph)......... 0.6 

Water tank: 

Supply eah eee ee None 
Measuring (gal)................ 26 

Drum dimensions: 

Diameter (n) eee ee ee ee ee 57 
Шетісен (ins) аен or Tl 46 


Overall dimensions (in.): 


(1) Trailer mounted mixer. Trailer mounted 
mixers are commonly used for patches in the re- 
pair of concrete pavements and for fillets and 
curve widening in concrete pavement construc- 
tion. A battery of trailer mounted mixers may 
serve as a central mix plant for large scale opera- 
tions or they may be used in conjunction with a 
central mix plant. 


(2) Truck mixer. Truck mixers are used to 
deliver concrete from a centrally located station- 
ary mixer to the construction site and for picking 
up materials at a batching plant and mixing the 
concrete enroute to the job site. The truck mixer 
may pick up the concrete from the stationary 
mixer in a partially mixed state or in a completely 
mixed state in which case it functions as an agita- 
tor. 


(3) Stationary mixer. Stationary mixers in- 
clude both on-site mixers and central mixers in 


ready mix plants. They are available in various 
sizes and may be of the tilting or nontilting type, 
or of the open-top revolving blade or paddle type. 


b. Central Mix Plants. Stationary mixers or a 
battery of trailer mounted mixers are usually op- 
erated at a central mix plant. Central mix plants 
are normally set up for gravity-feed operation; a 
clamshell bucket crane, conveyor belts, or eleva- 
tors carry materials to a batching plant set high 
enough to discharge directly into the loading gate 
or Skip of the mixer, with the mixer discharging 
directly into dump trucks or other distributing 
equipment. Mixing time and mixing requirements 
do not differ appreciably from those previously 
discussed, but special control is required to insure 
that the concrete has the proper characteristics 
and workability upon arrival at the work site. 
Care must be taken to avoid segregation when 
using dump trucks. 


c. Organization of Mixing Equipment and Mate- 
rials. The proper placement of the mixing equip- 
ment and materials for the mix can result in large 
savings of time and labor. The mixer should be 
located as close as possible to the main section of 
the pour. On a concrete wall project, the mixer 
may be moved to each wall so as to reduce the 


STARTING POINT 


MAIN DOUBLE RAMPS ARE LIFTED AS SECTIONS 
ARE PLACED AND SIDE RAMPS ARE REMOVED 


WHEELBARROW RAMPS AT BOTTOM OF 


CONSTRUCTION MATS X aa Y 
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distance the plastic concrete must be transported. 
The gravel and sand should be stored as close as 
possible to the mixer without interfering with the 
transportation of the plastic concrete. The location 
of the water depends on the type of water supply. 
If the water is being piped in, a hose may be used 
to bring the water to a barre! near the mixer. If a 
water truck or trailer is used, it should be located 
next to the mixer. А typical arrangement of mixer 
and materials is shown in figure 5-4. 


d. Operation of 16-S Mixer. Ten enlisted men 
and one noncommissioned officer are required for 
normal operation of the 16-S mixer. This crew can 
handle aggregate, sand, cement, and water, and 
operate the mixer. The noncommissioned officer 
must be competent to supervise the overall opera- 
tion. This crew and equipment can produce about 
10 cubic yards of concrete per hour, depending on 
the experience of the crew, the location of materi- 
als, and the rate of discharge of the mixer. At 
least a platoon of men would be required for an 
overall project similar to the one depicted in figure 
S4 


(1) Charging the mixer. There are two ways 
of charging concrete mixers, by hand and with the 
mechanical skip. The 16-S mixer is equipped with 
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Figure 5-4. 


Typical organization of mixing equipment and mate. 43. 
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a mechanieal skip, as shown in figure 5-5. The 
cement, sand, and gravel are placed in the skip 
and then dumped into the mixer together while 
the water runs into the mixing drum on the side 
opposite the skip. The mixing water is measured 
from a storage tank on top of the mixer a few 
seconds before the skip is dumped to wash the 
mixer between batches. The coarse aggregate is 
placed in the skip first, the cement next and the 
sand is placed on top to prevent excessive loss of 
cement as the batch enters the mixer. 


(2) Discharging the mixer. When the mate- 
rial is ready for discharge from the mixer, the 
discharge chute is moved into place to receive the 
concrete from the drum of the mixer. In some 
cases, dry concrete has a tendency to carry up to 
the top of the drum and not drop down in time to 
be deposited on the chute. Very wet concrete may 
not carry up high enough to be caught by the 
chute. This condition can be corrected by adjust- 
ing the speed of the mixer. For very wet concrete, 
the speed of the drum should be increased and for 
dry concrete, it should be slowed down. 


(3) Mixing time. The mixing time is deter- 
mined from the time the water is added to the 
mixture. All mixing water should be added in the 
first quarter of the mixing period. The minimum 
mixing time per batch of concrete is 1 minute un- 
less the batch exceeds 1 cubic yard. An additional 
15 seconds of mixing time is required for each 
additional 14 cubic yard of concrete or fraction 
thereof. 


STOCK PILES 


CONCRETE 
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(4) Cleaning and maintaining the mixer. The 
mixer should be cleaned daily when it is in contin- 
uous operation or following each period of use if it 
is in operation less than a day. If the outside of 
the mixer is coated with form oil, the cleaning 
process can be speeded up. The outside of the 
mixer should be washed with a hose and all aceu- 
mulated concrete should be knocked off. If the 
blades of the mixer become worn, or coated with 
hardened concrete, mixing action will be less 
efficient. Badly worn blades should be replaced. 
Hardened concrete should not be allowed to accu- 
mulate in the mixer drum. The mixer drum must 
be cleaned out whenever it is necessary to shut 
down for more than 115 hours. Place a volume of 
coarse aggregate in the drum equal to one-half the 
capacity of the mixer and allow it to revolve for 
about 5 minutes. Discharge the aggregate and 
flush out the drum with water. Do not pound the 
discharge chute, drum shell, or skip to remove ag- 
gregate or hardened concrete, for concrete will ad- 
here more readily to the dents and bumps cre- 
ated. 


5—18. Remixing Concrete 


Fresh concrete that is left standing tends to 
stiffen before the cement has hydrated to its ini- 
tial set. Such concrete may be used if it becomes 
sufficiently plastic upon remixing that it can be 
compacted in the forms. Under careful supervi- 
sion, a small increment of water may be added to 
these batches provided that all of the following 
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Figure 5—5. Charging a 16-S mixer. 


conditions are met: maximum allowable water-ce- 
ment ratio is not exceeded, maximum allowable 
slump is not exceeded, maximum allowable mixing 
and agitating time are not exceeded, and concrete 
is remixed for at least half the minimum required 
mixing time or number of revolutions. Indiscrimi- 


Section VI. 


5—19. Principles 


Each step in the handling and transporting of con- 
crete must be carefully controlled to maintain uni- 
formity within the batch and from batch to batch 
so that the completed work is consistent through- 
out. The method of handling and transporting con- 
crete and the equipment used should not place re- 
strictions on the consistency of the concrete. Con- 
sistency should be governed by the placing condi- 
tions. If these conditions allow a stiff mix, then 
equipment should be chosen which is capable of 
handling and transporting such a mix. 


a. Requirements. The three main requirements 
for transportation of concrete from the mixing 
plant to the job sites are: 

(1) It must be rapid so that the concrete will 
not dry out or lose its workability or plasticity 
between mixing and placing. 

(2) Segreation of the aggregates and paste 
must be reduced to a minimum to assure uniform 
concrete. Loss of fine material, cement or water 
should be prevented. 

(3) Transportation should be organized so 
that there are no undue delays in the placing of 
concrete for any particular unit or section that 
would cause undesirable fill planes or construction 
joints. 


b. Handling Techniques. Several general points 
concerning the handling of concrete are illustrated 
in figure 5-6. Failure to observe the right proce- 
dures illustrated to prevent the segregation of the 
aggregates and paste can result in poor concrete 
in spite of good design and mixing procedures. 
Separation or segregation occurs because concrete 
is made up of materials of different particle size 
and specific gravity. The coarser particles in a 
concrete mix placed in a bucket tend to settle to 
the bottom and the water rises to the top. Honey- 
comb concrete or rock pockets are caused by the 
segregation of materials. 


5—20. Delivery Methods 
a. Small Jobs. Equipment provided for the de- 
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nate addition of water is not acceptable since this 
lowers the quality of the concrete. Remixed con- 
crete tends to harden rapidly. As a result, concrete 
placed adjacent to or above remixed concrete may 
cause a cold joint. 


HANDLING AND TRANSPORTING 


livery of concrete should be based on 100-percent 
capacity of the mixer to take care of the peak 
draughts. Wheelbarrows or buggies (fig. 5-7) are 
usually the most practical and economical means 
of delivering concrete for foundations, foundation 
walls, or slabs poured on or below grade. Power 
buggies (fig. 5-8), if available, are useful for 
longer runs. Hand buckets may be used to deliver 
small quantities of concrete as the occasion de- 
mands. When a situation arises requiring the con- 
crete to be poured approximately 15 feet above 
grade, inclined runways (2, fig. 5—9) can be con- 
structed economically so that buggies or wheelbar- 
rows can be used. When concrete is deposited 
below or at approximate grade, 2-inch plank run- 
ways placed on the ground permit the concrete to 
be poured directly into the form. If the difference 
in elevation from the runway to the bottom of the 
Structure to be poured is large a chute similar to 
the illustration (fig. 5-10) should be used to avoid 
segregation. Usually the slope of the chute should 
be 2:1 or steeper for stiff mixes. If concrete is to 
be transported by buggy or wheelbarrow, suitable 
runways must be provided. А runway along a wall 
form is shown in 1, figure 5-9. The top of the 
runway should be about level with the top of the 
form sheathing. In order to provide room for the 
ledger, the top wale should be kept at least 1 foot 
below the top of the concrete. The runway should 
be made from rough lumber and should consist of 
2- by 10-inch planks supported by 4 by 4's spaced 
on 6-foot centers. The 1- by 6-inch ledger on the 
form side should be nailed to the studs on the wall 
form. Runways must always be securely braced in 
order to prevent failure. Concrete can be elevated 
to about 5 to 6 feet above the level of the mixer by 
wheeling the concrete up inclined runways that 
have a slope of 10:1. This type of runway is 
shown in 2, figure 5—9. If the concrete must be 
lifted more than 5 to 6 feet, and a large quantity is 
involved, it is more economical to use elevating 
equipment, such as à bucket and a crane. Runways 
for placing concrete on a floor slab should be sup- 
ported from the form work or from the ground. 
These runways should also consist of 2 by 10's sup- 
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Figure 5-6. Concrete handling techniques. 


ported by 4 by 4’s placed on 6-foot centers. If possi- 
ble, all runways should be arranged so that the 
buggies or wheelbarrows will not have to pass each 
other on the runways at anytime. 


д. Large Jobs. Transportation on large projects 
requires careful planning to assure adequate and 
timely delivery of concrete. Several types of equip- 
ment are used for this purpose. 


(1) Dump trucks. Dump trucks are commonly 
used to deliver concrete on large projects in the 
theater of operations. However, ordinary dump 
trucks are not designed as concrete carriers and 
care must be exercised in using them since preven- 
tion of segregation is not provided for as is the 
case with mixer or agitator trucks. Hauling dis- 


tances are kept as short as possible. Segregation 
can be reduced by using a stiff mix and an air-en- 
training agent. 


(2) Agitator trucks. Transit-mix or ready- 
mix trucks can be used as agitator trucks to de- 
liver premixed concrete. When used to deliver con- 
crete only, as opposed to mixing enroute, the load 
capacity of the vehicle is 30 to 35 percent greater. 
However, the operating radius of the equipment 
when used as a delivery means for premixed con- 
crete is somewhat more limited. The concrete can 
be discharged continuously or intermittently from 
a spout or саше which is moved from side to side. 


(3) Buckets. Figure 5-11 illustrates the use 
of a bucket and crane to place structural concrete. 
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3 Prevention of separation 


Figure 5—6.— Continued. 


Buckets are available in 2-yard capacities as 
standard TOE and class IV items. Buckets are 
square or cylindrical with a clamshell door or gate 
at the bottom. The gates are hand operated to per- 
mit flexibility in the discharge of the bucket. 


(4) Pumps. Pumps are useful when limited 
Space prevents other more conventional means of 
delivery. This method involves the use of a heavy- 
duty piston pump to force concrete through a 6-, 
1-, or 8-inch pipeline (fig. 5-12). Pumps operated 
by a 25 HP gasoline engine have a rated capacity 
of 15 to 20 cubic yards per hour. Larger equip- 
ment with a double acting pump has a capacity of 
90 to 60 cubic yards per hour. These machines will 
force the above volume of concrete up to 800 feet 
horizontally or 109 feet vertically or any equiva- 
lent combination of these distances. A 90? bend in 
the pipeline corresponds to a loss of 40 feet hori- 
zontal delivery capacity and each foot of vertical 


lift corresponds to 8 feet of horizontal delivery 
distance. A mix with 2 or more inches of slump 
can be pumped. À light cement grout should be 
used in starting the pump to lubricate the pipe- 
line. Maximum aggregate size for the 8-inch pipe- 
line is 3 inches, for the 7-inch line, 215 inches and 
for the 6-inch pipeline, 2 inches. The discharge 
line should be as straight as possible, with 5-foot 
radius bends. Steps should be taken to cool the line 
in hot weather so as to avoid impeded flow of con- 
crete. An uninterrupted flow of fresh, plastic un- 
separated concrete of medium consistency must be 
delivered to the pump. Failure to keep an uninter- 
rupted flow of concrete in the line can seriously 
delay the pour with resultant unwanted joints in 
the structure. A deflector or choke (restricted sec- 
tion) can be used at the discharge end of the line to 
direct and control the flow of concrete as required. 
The pump and line must be thoroughly flushed 
after each use. 
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Figure 5-6.—Continued. 
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Figure 5—6.— Continued. 


Figure 5-7. Handling concrete by buggy. 
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Figure 5-8. Power buggy. 
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Figure 5-9. Runways for use of wheelbarrows or buggies. | 
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Figure 5—9.— Continued. 
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Figure 5-10. Chute to handle concrete. 
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Transportation of concrete by bucket. 


Figure 5—11. 
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Figure 5-12. Concrete pump and discharge line. 
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5-21. Importance 


The full value of well-designed concrete cannot be 
obtained without proper placing and curing proce- 
dures. Good concrete placing and compacting tech- 
niques produce a tight bond between mortar and 
coarse aggregate and assure complete filling of the 
forms. These requirements are necessary if the 
full strength and best appearance of the finished 
concrete is to be realized. 


5-22. Preliminary Preparation 


a. General Preparation. Preparation prior to 
concreting includes compacting, trimming, and 
moistening the subgrade; erecting the forms; and 
setting the reinforcing steel. A moist subgrade is 
especially important in hot weather to prevent ex- 
traction of water from the concrete. 


b. Rock Subgrades. When rock must be cut out, 
the surfaces in general should be vertical or hori- 
zontal rather than sloping. The rock surface 
should be roughened and thoroughly cleaned. Stiff 
brooms, water jets, high-pressure air, or wet 
sandblasting may be used. All water depressions 
should be removed and the rock surface coated 
with a 34-inch thick layer of mortar. The mortar 
should contain only fine aggregate and the water- 
cement ratio should be the same as for the con- 
crete. It should have a 6-inch slump. Then work 
the mortar into the surface with stiff brushes. 


c. Clay Subgrades. A subgrade composed of clay 
or other fine-grained soils should be moistened to a 
depth of 6 inches to aid in curing the concrete. If 
the soil is sprinkled intermittently, it can be satu- 


PLACING 


rated without becoming muddy. The surface must 
be clean of debris and any dry loose material be- 
fore concrete is placed. 


d. Gravel and Sand Subgrades. Subgrades com- 
posed of gravel or other loose material need a tar 
paper or burlap cover before concrete is placed 
on them. Compacted sand need not be covered. 
However, it must be moist when the concrete is 
placed to prevent the absorption of water from the 
concrete. Tar paper should be lapped not less than 
1 inch, and stapled. Burlap should be joined by 
sewing with wire and moistened by sprinkling be- 
fore concrete is placed on it. 


e. Preparation of Forms. Shortly before con- 
crete is placed, the forms should be checked for 
tightness and cleanliness. Bracing should һе 
checked to assure that there will be no movement 
of the forms during placing. The forms are coated 
with a suitable form oil or coating material that 
will keep the concrete from sticking. In an emer- 
gency, the forms can be moistened with water to 
prevent sticking. Forms that have been exposed to 
the sun for some time will dry out and the joints 
will tend to open up. Saturating the forms with 
water helps to close such joints. 


f. Depositing Fresh Concrete on Hardened Con- 
crete. When new concrete is deposited on hardened 
concrete, the hardened concrete must be nearly 
level, clean, and moist, with some aggregate parti- 
cles partially exposed, to obtain a good bond and a 
watertight joint. If there is a soft layer of mortar 
or laitance on the surface of the hardened concrete 
it should be removed. Wet sand blasting and wash- 
ing is the most effective means of preparing the 
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old surface where the sand deposit can be easily 
removed. Always moisten hardened concrete be- 
fore placing new concrete. Dried-out concrete 
must be saturated for several hours. In no case 
should there be pools of water on the old surface 
when fresh concrete is deposited. 


5-23. Depositing Concrete 


a. Basic Considerations. Concrete should be de- 
posited in even horizontal layers and should not be 
puddled or vibrated into place. The layers should 
be from 6 to 24 inches in depth depending on the 
type of construction. The initial set should not 
take place before the next layer is added. To pre- 
vent honeycombing or avoid spaces in the con- 
crete, the concrete should be vibrated or spaded. 
This is particularly desirable in wall forms with 
considerable reinforcing. Care should be taken not 
to overvibrate, because segregation and a weak 
surface may result. 


(1) Maximum drop. There is a temptation, in 
the interests of time and effort, to drop the con- 
crete from the point to which it has been trans- 
ported regardless of the height of the forms, but 
the free fall of concrete into the forms should be 
reduced to a maximum of 3 to 5 feet unless verti- 
cal pipes, suitable drop chutes, or baffles are pro- 
vided. Figure 5—6 suggests several methods to con- 
trol the fall of concrete and prevent honeycombing 
of concrete and other undesirable results. 


(2) Thickness of layers. Concrete should be 
deposited in horizontal layers whenever possible 
and each layer consolidated before the succeeding 
layer is placed. Each layer should be placed in one 
operation. In mass concrete work, where concrete 
is deposited from buckets, the layers should be 
from 18 to 20 inches thick. For reinforced con- 
crete members the layers should be from 6 to 20 
inches thick. The thickness of the layers depends 
on the width between forms and the amount of 
reinforcement. 


(3) Positioning. Concrete should be placed as 
nearly as possible in its final position. Horizontal 
movement should be avoided since this results in 
segregation because mortar tends to flow ahead of 
coarser material. Concrete should be worked thor- 
oughly around the reinforcement and bedded fix- 
tures, intc the corners, and on the sides of the 
forms. 


(4) Rate of placing. On large pours so as to 
avoid excess pressure on forms, the rate of filling 
should not exceed 4 feet per hour measured verti- 
cally, except for columns. Placing will be coordi- 
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nated so that the concrete is not deposited faster 
than it can be properly compacted. In order to 
avoid cracking during settlement an interval of at 
least 4 hours, preferably 24 hours, should elapse 
between completion of columns and walls and the 
placing of slabs, beams, or girders supported by 
them. 


b. Wall Comstruction. For walls, the first 
batches should be placed at the ends of the section. 
Placing should then proceed toward the center for 
each layer, if more than one layer is necessary, to 
prevent water from collecting at the ends and cor- 
ners of the forms. This method should also be used 
in placing concrete for beams and girders. For 
wall construction, the inside form should be 
stopped off at the level of the construction. Overfill 
the form for about 2 inches and remove the excess 
just before setting occurs to insure a rough, clean 
surface. Before the next lift of concrete is placed 
оп this surface, a 15 tc 1-inch thick layer of sand- 
cement mortar should be deposited on it. The mor- 
tar should have the same water content as the 
concrete and should have a slump of about 6 
inches to prevent stone pockets and help produce a 
water tight joint. Proper procedure for placing 
concrete in walls is shown in 1, figure 5-13. Note 
the use of drop chutes and port openings for plac- 
ing concrete in the lower portion of the wall. The 
port openings are located at about 10-foot inter- 
vals along the wall. Concrete for the top portion of 
the wall can be placed as shown in 2, figure 5-13. 
When pouring walls, remove the form spreaders 
as the forms are filled. 


c. Slab Construction. For slabs, the concrete 
should be placed at the far end of the slab, each 
batch dumped against previously placed concrete, 
as shown in 8, figure 5-13. The concrete should not 
be dumped in separate piles and the piles then 
leveled and worked together. Nor should the con- 
crete be deposited in big piles and then moved 
horizontally to its final position, since this practice 
results in segregation. 


d. Placing Concrete om Slopes. Procedure for 
placing concrete on slopes is shown in 4, figure 
5-13. Always deposit the concrete at the bottom of 
the slope first, and proceed up the slope as each 
batch is dumped against the previous one. Com- 
paction is thus increased by the weight of the 
newly added concrete when it is consolidated. 


5—24. Consolidating Concrete 


a. Purpose. With the exception of concrete 
placed under water, concrete is compacted or con- 
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Figure 5-13. Concrete placing techniques. 


solidated after placing. Consolidation may be 
accomplished by the use of hand tools such as 
spades, puddling sticks, and tampers; but the use 
of mechanical vibrators is preferred. Compacting 
devices must reach the bottom of the form and 
must be small enough to pass between reinforcing 
bars. Consolidation eliminates rock pockets and 
air bubbles and brings enough fine material to the 
surface and against forms to produce the desired 
finish. In the process of consolidation the concrete 


is carefully worked around all reinforcing steel to 
assure proper embedding of the steel in the con- 
crete. Displacement of reinforcing steel must be 
avoided since the strength of the concrete member 
depends on proper location of the reinforcement. 

b. Vibration. Consolidation is effectively accom- 
plished by use of mechanical vibrators, as shown 
in figure 5-14. Vibrators consolidate concrete by 
pushing the coarse aggregate down and away 
from the point of vibration. With vibrators it is 
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Figure 5-13.— Continued. 


possible to place concrete mixtures too stiff to be 
placed in any other way. In most structures, con- 
crete with a 1- or 2-inch slump can be deposited. 
Stiff mixtures require less cement and are there- 
fore more economical. Moreover, there is less dan- 
ger of segregation and excessive bleeding. The 
mix must not be so stiff that an excessive amount 
of labor is required to place it. Internal vibrators 
are available in engineer construction battalions. 
The internal vibrator involves insertion of a vi- 
brating element into the concrete. The external 
type is applied to the forms. It is powered by elec- 
tric motor, gasoline engine, or compressed air. The 
internal vibrator should be inserted in the con- 
crete at intervals of approximately 18 inches for 5 
to 15 seconds to allow some overlap of the area 
vibrated at each insertion. Whenever possible the 
vibrator should be lowered vertically into the con- 
crete and allowed to descend by gravity. The vi- 
brator should pass through the layer being placed 
and penetrate the layer below for several inches to 
insure a good bond between the layers. Under nor- 
mal conditions there is little likelihood of damage 
from the vibration of lower layers provided the 
disturbed concrete in these lower layers becomes 
plastic under the vibratory action. Sufficient vibra- 
tion has taken place when a thin line of mortar 
appears along the form near the vibrator, when 
the coarse aggregate has sunk into the concrete, or 
when the paste just appears near the vibrator 
head. The vibrator should then be withdrawn ver- 
tically at about the same rate that it descended. 
The length of time that a vibrator should be left in 
the concrete depends on the slump of the concrete. 
Mixes that can be easily consolidated by spading 
should not be vibrated because segregation may 
occur. Concrete that has a slump of 5 or 6 inches 
should not be vibrated. Vibrators should not be 
used to move concrete any distance in the form. 
Some hand spading or puddling should accompany 
vibration. 

c. Hand Methods. Hand methods for consolidat- 
ing concrete include the use of spades or puddling 
sticks and various types of tampers. For consoli- 
dation by spading, the spade should be shoved 
down along the inside surface of the forms 
through the layer deposited and down into the 
lower layer for a distance of several inches, as 
shown in figure 5-15. Spading or puddling should 
continue until the coarse aggregate has disap- 
peared into the mortar. 


5-25. Placing Concrete Under Water 


a. Suitable Conditions. Concrete should be 
placed in air rather than under water whenever 
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Figure 5-14. Use of a vibrator to consolidate concrete. 


possible. When it must be placed under water, the 
work should be done under experienced supervi- 
sion and certain precautions should be taken. For 
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Figure 5-15. Consolidation by spading and the spading tool. 


best results, concrete should not be placed in water 
having a temperature below 45° F. and should not 
be placed in water flowing with a velocity greater 
than 10 feet per minute, although sacked concrete 
may be used for water velocities greater than this. 
If the water temperature is below 45° F., the tem- 
perature of the concrete when it is deposited 
should be above 60° F. but in no case above 80° F. 
If the water temperature is above 45° F., no tem- 
perature precautions need be taken. Coffer dams 
or forms must be tight enough to reduce the cur- 
rent to less than 10 feet per minute through the 
space to be concreted. Pumping of water should 
not be permitted while concrete is being placed or 
for 24 hours thereafter. 


b. Tremie Method. Concrete can be placed under 
water by several methods, the most common of 
which is with a tremie. The tremie method involves 
a device shown in figure 5-16. A tremie is à pipe 
having a funnel-shaped upper end into which the 
concrete is fed. The pipe must be long enough to 
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reach from a working platform above water level 
to the lowest point at which the concrete is to be 
deposited. Frequently the lower end of the pipe is 
equipped with a gate, permitting filling before in- 
sertion in water. This gate can be opened from 
above at the proper time. The bottom or discharge 
end is kept continuously buried in newly placed 
concrete, and air and water are excluded from the 
pipe by keeping it constantly filled with concrete. 
The tremie should be lifted slowly to permit the 
concrete to flow out. Care must be taken not to lose 
the seal at the bottom. If lost, it is necessary to 
raise the tremie, plug the lower end, and lower the 
tremie into position again. The tremie should not 
be moved laterally through the deposited concrete. 
When it is necessary to move the tremie, it should 
be lifted out of the concrete and moved to the new 
position, keeping the top surface of the concrete 
as level as possible. A number of tremies should be 
used if the concrete is to be deposited over a large 
area. They should be spaced on 20- to 25-foot cen- 
ters. Concrete should be supplied at a uniform rate 
to all tremies with no interruptions at any of them. 
Pumping from the mixer is the best method of 
supplying the concrete. Large tremies can be sus- 
pended from a crane boom and can be easily raised 
and lowered with the boom. Concrete that is 
placed with a tremie should have a slump of about 
6 inches and а cement content of seven sacks per 
cubic yard of concrete. About 50 percent of the 
total aggregate should be sand and the maximum 
coarse aggregate size should be from 114 to 2 
inches. 
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Figure 5-16. Placing concrete under water with a tremie. 


c. Concrete Buckets. Concrete can be placed at 
considerable depth below the water surface by 
means of open-top buckets with a drop bottom. 
Concrete placed by bucket can be slightly stiffer 
than that placed by tremie but it should still con- 
tain seven sacks of cement per cubic yard. The 
bucket is completely filled and the top covered 
with a canvas flap. The flap is attached to one side 
of the bucket only. The bucket is lowered slowly 
into the water so that the canvas will not be dis- 
placed. Concrete must not be discharged from the 
bucket before the surface upon which the con- 
crete is to be placed has been reached. Soundings 
should be made frequently so that the top surface 
is kept level. 


Section VIII. 


5-26. 


The finishing process provides the desired surface 
effect of the concrete. The concrete finishing proc- 
ess may be performed in many ways, depending 
on the effect required. Occasionally only correction 
of surface defects, filling of bolt holes or cleaning 
is necessary. Unformed surfaces may require only 
screeding to proper contour and elevation, or a 
broomed, floated, or troweled finish may be speci- 
fied. 


Purpose 


5-27. Finishing Operations 


a. Screeding. After a floor slab, sidewalk or 
pavement has been placed, the top surface is 
rarely at the exact elevation desired. The process 
of striking off the excess concrete in order to 
bring the surface to the right elevation is called 
screeding. This operation can begin as soon as the 
concrete has been placed. Prior to screeding the 
concrete should be vibrated to lower larger sized 
aggregate to avoid interference with the screed. A 
templet with a straight lower edge if a flat surface 
is required, or curved if а curved surface is re- 
quired, is moved back and forth across the con- 
crete with a sawing motion. The templet rides on 
wood or metal strips that have been established as 
guides. With each sawing motion the templet is 
moved a short distance along the forms as shown 
in figure 5-17. There should be a surplus of con- 
crete against the front face of the templet which 
will be forced into the low spots as the templet is 
moved forward. If there is a tendency for the tem- 
plet to tear the surface, the rate of forward move- 
ment of the templet should be reduced or the bot- 
tom edge should be covered with metal. In most 
cases this will stop the tearing action. Such proce- 
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d. Sacked Concrete. In an emergency, concrete 
can be placed under water in sacks. Jute sacks of 
about i-cubic foot capacity, filled about two-thirds 
full, are lowered into the water, preferably shal- 
low water. These sacks are placed in header and 
stretcher courses, interlocking the entire mass. A 
header course is placed so that the length of the 
Sack is at right angles to the direction in which 
the stretcher-course sacks are laid. Cement from 
one sack seeps into adjacent sacks and they are 
thus bonded together. Experience has shown that 
the less the concrete under water is disturbed 
after placement, the better it will be. For this rea- 
son, compaction should not be attempted. 


FINISHING 


dures are necessary when air-entrained concrete is 
used because of the sticky nature of this type of 
concrete. It is possible to hand screed surfaces up 
to 30 feet in width but for efficient screeding it is 
best not to go beyond 10 feet. Three men, exclud- 
ing а vibrator operator, can screed approximately 
200 square feet of concrete per hour. Two men 
operate the screed and the third man pulls excess 
concrete from the front of the screed. It is neces- 
sary to screed the surface twice to remove the 
surge of excess concrete caused by the first screed- 
ing. 


Figure 5-17. Screeding operations. 


b. Floating. If a smoother surface is required 
than the one obtaincd by screeding, the surface 
should be worked sparingly with a wood or metal 
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float or finishing machine. А wood float is shown 
in 1, figure 5-18 and the float in use is shown in 2, 
figure 5—18. This process should take place shortly 
after screeding and while the concrete is still plas- 
tic and workable. Floating should not begin until 
the water sheen has disappeared and the concrete 
has hardened sufficiently that а man's foot leaves 
only a slight imprint. The purpose of floating is 
threefold: to embed aggregate particles just be- 
neath the surface; to remove slight imperfections, 
high spots, and low spots; and to compact the con- 
crete at the surface in preparation for other finish- 
ing operations. The concrete must not be over- 
worked while it is still plastic, to avoid bringing 
&n excess of water and mortar to the surface. This 
fine material will form a thin weak layer that will 
scale or wear off under usage. Where a coarse tex- 
ture is desired as the final finish, it is usually nec- 
essary to float the surface a second time after it 
has partially hardened so that the required surface 
will be obtained. In slab construction long-handled 
wood floats are used as shown in 8, figure 5-18. 
The steel float is used the same way as the wood 
float but it gives the finished concrete a much 
smoother surface. Steel floating should begin when 
the water sheen disappears from the concrete sur- 
face, to avoid cracking and dusting of the finished 
eoncrete. Cement or water should not be used to 
aid in finishing the surface. 


c. Troweling. If a dense, smoother finish is de- 
sired, floating must be followed by steel troweling 
at some time after the moisture film or sheen dis- 
appears from the floated surface and when the 
concrete has hardened enough to prevent fine ma- 
terial and water from being worked to the sur- 
face. This step should be delayed as long as possi- 
ble. Excessive troweling too early tends to produce 
crazing and lack of durability; too long a delay in 
troweling results in a surface too hard to finish 
properly. The usual tendency is to start to trowel 
too soon. Troweling should leave the surface 
smooth, even, and free of marks and ripples. 
Spreading dry cement on a wet surface to take up 
excess water is not good practice where a wear-re- 
sistant and durable surface is required. Wet spots 
must be avoided if possible; when they do oceur, 
finishing operations should not be resumed until 
the water has been absorbed, has evaporated, or 
has been mopped up. А surface that is fine-tex- 
tured but not slippery may be obtained by trowel- 
ing lightly over the surface with a circular motion 
immediately after the first regular troweling. In 
this process, the trowel is kept flat on the surface 
of the concrete. Where a “hard steel-troweled 
finish" is required, the first regular troweling is 


1 Wood float 


2 Floating operation 


З Long-handling wood float and floating operation 


Figure 5-18. Wood floats and floating operations. 


followed by a second troweling after the concrete 
has become hard enough so that no mortar ad- 
heres to the trowel and a ringing sound is pro- 
duced as the trowel passes over the surface. Dur- 
ing this final troweling, the trowel should be tilted 
slightly and heavy pressure exerted to thoroughly 
compact the surface. Hair cracks are usually due 
to a concentration of water and fines at the sur- 


face resulting from overworking the concrete dur- 
ing finishing operations. Such cracking is aggra- 
vated by too rapid drying or cooling. Cracks that 
develop before troweling usually can be closed by 
pounding the concrete with a hand float. A steel 
trowel and an edger are shown in 1, figure 5-19 
and the troweling operation in 2, figure 5-19. 


1 Steel trowel and edger 


2 Troweling operation 


figure 5-19. Steel finishing tools and troweling operations 


d. Brooming. A nonskid surface can be produced 
by brooming the concrete before it has thoroughly 
hardened. Brooming is carried out after the float- 
ing operation. For some floors and sidewalks 
where severe scoring is not desirable, the broomed 
finish can be produced with a hair brush after the 
surface has been troweled to a smooth finish once. 
Where rough scoring is required, a stiff broom 
made of steel wire or coarse fiber should be used. 
Brooming should be done in such a way that the 
direction of the scoring is at right angles to the 
direction of the traffic. 


e. Rubbed Finish. A rubbed finish is required 
when a uniform and attractive surface must be 
obtained although it is possible to produce a sur- 
face of satisfactory appearance without rubbing if 
plywood or lined forms are used. The first rubbing 
should be done with coarse carborundum stones as 
soon as the concrete has hardened so that the ag- 
gregate is not pulled out. The concrete should then 
be cured until final rubbing. Finer carborundum 
Stones are used for the final rubbing. The concrete 
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should be kept damp while being rubbed. Any 
mortar used to aid in this process and left on the 
surface should be kept damp for 1 to 2 days after 
it sets in order to cure properly. The mortar layer 
should be kept to the minimum as it is likely to 
scale off and mar the appearance of the surface. 


5—28. Finishing Pavement 


a. Machine Finishing. Machine finishing is car- 
ried out at such time as the concrete takes its ini- 
tial set. The concrete must, however, be in worka- 
ble condition at the time of the finishing operation. 
The screeds and vibrator on the machine finisher 
are set to give the proper surface elevation and 
produce a dense concrete. In most cases, there 
should be a sufficiently thick layer of mortar ahead 
of the screed to insure that all low spots will be 
filled. The vibrator follows the front screed and 
the rear screed is last. The rear screed should be 
adjusted to carry enough grout ahead of it to in- 
sure continuous contact between screed and pave- 
ment. If forms have been set in good alinement 
and firmly supported, and if the concrete has the 
right workability, no more than two passes of the 
machine should be required to produce a satisfac- 
tory surface. TM 5-331 describes operation and 
maintenance of machine finishers. 


b. Hand Finishing. Hand finishing with floats 
behind the finishing machine is often more harm- 
ful than beneficial. Excessive manipulation of the 
concrete is harmful to the wearing surface. Scal- 
ing has often been attributed to this. It is some- 
times necessary to use a longitudinal float to de- 
crease longitudinal variations in the surface. Such 
a float is made of wocd, 6 by 10 inches wide and 12 
to 18 feet long, fitted with a handle at each end 
and operated by two men on form-riding bridges. 
The float is oscillated longitudinally as it is moved 
transversely. A 10-foot straightedge pulled from 
the center of the pavement to the form will re- 
move any minor surface irregularities and lait- 
ance. Unless considerable care is exercised as the 
straightedge or float approaches the form, it will 
ride up on the concrete resulting in a hump in the 
surface, especially where construction and expan- 
sion joints occur. The surface should have no coat- 
ing of weak mortar or scum that will later scale 
off. After the water sheen disappears, the final 
surface finish is applied by dragging a clean piece 
of burlap longitudinally along the pavement strip. 
This is known as belting and is done by two men, 
one on each side of the forms. A non-skid surface 
is obtained by stroking with bassine brooms hav- 
ing fibers about 414 inches long. The grooves cut 
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by the broom should not be over 346-inch deep. АП 
corners of the paving should be rounded with an 
edging tool. Expansion joints must be cleaned out 
and prepared for filling. 


5—29. Repairing Concrete 


After forms are removed, small projections must 
be removed, tierod holes filled and honeycombed 
areas repaired. These repairs should be made as 
soon as possible after the forms are removed. The 
repair of concrete is covered in detail in section 
XII of this chapter. 


5—30. Cleaning Concrete 


Conerete surfaces are not always uniform in color 
when forms are removed. If appearance is impor- 
tant the surface should be cleaned. 


a. Cleaning With Mortar. 


(1) The surface can be cleaned with a 
cement-sand mortar consisting of one part port- 
land cement and one and one-half to two parts fine 
sand. The mortar should be applied to the surface 
by a brush after all defects have been repaired. If 
a light-colored surface is desired, white portland 
cement can be used. The surface should be scoured 
vigorously with a wood or cork float immediately 
after applying the mortar. Excess mortar should 
be removed with a trowel after 1 or 2 hours which 
gives time for the mortar to harden enough so the 
trowel will not remove it from the small holes. 
After the surface has dried, it should be rubbed 
with dry burlap to remove any loose material. No 
visible film of mortar should remain after the rub- 
bing. One section should be completed without 


Section IX. 


5—31. Hydration and the Importance of Curing 


a. Hydration. The addition of water to portland 
cement and the formation of a water-cement paste 
starts a chemical reaction whereby the cement be- 
comes а bonding agent. During this process, 
known as hydration, the main compounds of port- 
land cement and water react to form products of 
hydration which produce a firm and hard sub- 
Stance—the hardened cement paste. The rate and 
degree of hydration, and as a result the strength 
of the concrete, are dependent on the curing proc- 
ess followed after the concrete has been placed 
and consolidated. The process of hydration contin- 
ues for an indefinite period at a decreasing rate 
as long as water is in the mixture and tempera- 
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stopping. Mortar left on the surface overnight is 
very difficult to remove. 


(2) An alternate method of cleaning with 
mortar consists of rubbing the mortar over the 
surface with clean burlap. The mortar should have 
the consistency of thick cream and the surface 
should be almost dry. The excess mortar is then 
removed by rubbing with clean burlap. Removal 
should be delayed long enough to prevent smear- 
ing but should be completed before the mortar 
hardens. The mortar is allowed to set several 
hours, then cured for 2 days. After curing, the 
surface is permitted to dry and is vigorously 
sanded with No. 2 sandpaper. This removes all 
excess mortar not removed by the sack rubbing 
and produces a surface of uniform appearance. 
For best results, mortar cleaning should be done 
in the shade on a cool, damp day. 


b. Sandblasting. Surface stains, particularly 
rust, can be completely removed by lightly sand- 
blasting the surface. This method is more effective 
than washing with acid. 


c. Acid Cleaning. Acid washing can be used 
where the staining is not severe. Acid washing 
should be preceded by а two-week period of moist 
curing. The surface is first wetted and, while still 
damp, is scrubbed thoroughly with a 5 to 10 per- 
cent solution of muriatic acid using a stiff bristle 
brush. The acid is removed by immediate, thor- 
ough flushing with clean water. If possible, acid 
washing should be followed by four additional 
days of moist curing. When handling the acid, 
goggles are worn to protect the eyes and precau- 
tions must be taken to prevent the acid from con- 
tacting hands, arms, and clothing. 


CURING 


ture conditions are favorable. Once the water is 
removed, hydration ceases and cannot be re- 
started. 


b. Curing Considerations. 


(1) Importance. Curing refers to the steps 
necessary to keep concrete moist and as near to 
73° F. as practicable until it has reached its de- 
sign strength. Properties of concrete such as re- 
sistance to freezing and thawing, strength, water- 
tightness, wear resistance, and volume stability 
improve with age as long as these conditions, 
which are favorable for continued hydration, are 
maintained. It follows that concrete should be pro- 
tected so that moisture is not lost during the early 


hardening period and that the concrete tempera- 
ture is kept favorable for hydration. 


(2) Length of curing period. The length of 
time that concrete should be protected against loss 
of moisture is depedent upon the type of cement, 
mix proportions, required strength, size and shape 
of the concrete mass, weather, and future expo- 
sure conditions. The period may vary from a few 
days to a month or longer. The influence of curing 
on the strength of concrete is shown in figure 
5-20. 
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Figure 5-20. Effect of moist curing on concrete 
compressive strength. 


Table 5-4. 


Method 


Sprinkling with water or covering with wet bur-| Excellent results if constantly kept 


lap. wet. 


Waterproof paper 


Plastic film 


handle. 


Advantage 


dcs cr ЛЕС EM Insulator in winter 
v ЕСЕ ee ИЕ С... е 220 Cheap, but messy 


A pe БАЕ PEU, ме d a Excellent results, maintains uniform 
temperature. 
pee RUNE TS Rn уар Easy to apply. Inexpensive 


Eie me акен TRA UM E ro Absolutely watertight, excellent 
protection. Light and easy to 
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5-32. Curing Methods 


Concrete can be kept moist, and in some cases at a 
favorable temperature by а number of curing 
methods. These may be classified into two catego- 
ries: methods that supply additional moisture, and 
methods that prevent loss of moisture. Table 5—4 
lists several effective methods of curing concrete 
together with comparable advantages and disad- 
vantages. 


a. Methods that Supply Additional Moisture. 
These methods add moisture to the surface of the 
concrete during the early hardening period. Such 
methods include sprinkling and wet coverings. 
Some cooling, through evaporation, is provided 
which is beneficial in hot weather. 

(1) Sprinkling. Continuous sprinkling with 
water is an excellent method of curing. If sprin- 
kling is done at intervals, the concrete must not be 
allowed to dry out between applications. The ex- 
pense involved and volume of water required may 
be disadvantageous. 

(2) Wet coverings. Wet coverings such as 
burlap, cotton mats, and other moisture retaining 
fabrics are used extensively for curing. Straw and 
moist earth may also be used. These coverings 
should be placed as soon as the concrete has hard- 
ened sufficiently to prevent surface damage. A 
typical use of wet burlap is shown in figure 5-21. 
Wet coverings should remain in place and kept 
moist during the entire curing period. For most 
structural use,,the curing period for cast in place 
concrete is usually 3 days to 2 weeks, depending 
upon such conditions as temperature, cement type, 
mix proportions, etc. More extended curing peri- 


Curing Methods 


Disadvantage 


Likelihood of drying between sprink- 
lings. Difficult on verticel walls. 

Can dry out, blow away, or burn. 

Stains concrete. Can dry out. Removal 
problem. 

Requires considerable labor, unde- 
sirable in freezing weather. 

Sprayer needed. Inadequate coverage 
allows drying out. Film can be 
broken or tracked off before curing 
is completed. Unless pigmented, 
can allow concrete to get too hot. 


EC 12240-00 Excellent protection, prevents drying. | Heavy cost can be excessive. Must be 


kept in rolls, storage and handling 
problem. 

Should be pigmented for heat protec- 
tion. Requires reasonable care and 
tears must be patched. Must be 
weighed down to prevent blowing 
away. 
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Figure 5-21. Curing a wall with wet burlap sacks. 


ods are desirable for bridge decks and other slabs 
exposed to weather and chemical attack. 


b. Methods that Prevent Loss of Moisture. 
These methods prevent loss of moisture by sealing 
the surface. This may be done by means of water- 
proof paper, plastic film, liquid-membrane-form- 
ing compounds, and forms left in place. 


(1) Waterproof paper. Waterproof paper is 
an efficient means of curing horizontal surfaces 
and structural concrete of relatively simple 
shapes. The paper should be large enough to cover 
the width and edges of the slab. Adjacent sheets 
should be lapped 12 inches or more and the edges 
should be weighted down, to form a continuous 
cover with completely closed joints. The surface 
should be wet with a fine spray of water before 
covering. The coverings should remain in place 
during the entire curing period. The use of water- 
proof curing paper is depicted in figure 5-22. 
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(2) Plastic film. Certain plastic sheet materi- 
als are used in curing concrete. They are light- 
weight, effective moisture barriers and are easily 
applied to either simple or complex shapes. In 
some cases, thin plastic sheets may discolor hard- 
ened concrete, especially if the surface has been 
steel-troweled to a hard finish. Coverage, overlap, 
weighting down of edges, and surface wetting re- 
quirements are similar to those for waterproof 
paper. 


(3) Curing compounds. Curing compounds 
retard or prevent evaporation of moisture from 
the concrete. They are suitable not only for curing 
fresh concrete, but also for further curing of con- 
crete after removal of forms or after initia] moist 
curing. They are applied by spray equipment. 
Curing compound can be satisfactorily applied 
with hand operated pressure sprayers on odd 
widths or shapes of slabs and on concrete surfaces 
exposed by the removal of forms. Details for ap- 
plication are contained in TM 5-337. Concrete sur- 
faces subjected to heavy rain within 3 hours after 
curing compound is applied should be resprayed. 
Brushes may be used to apply the compound on 
formed surfaces, but should not be used on un- 
formed concrete due to the danger of marring the 
concrete, opening the surface to excessive penetra- 
tion of the compound, and breaking the continuity 
of the film. Curing compounds permit curing to 
continue for long periods while the concrete is in 
use. Curing compounds may prevent bond between 
hardened and fresh concrete, consequently they 
should not be used if bond is necessary. 


(4) Forms left in place. Forms can provide 
adequate protection against loss of moisture if the 
top exposed concrete surfaces are kept wet. Wood 
forms left in place should be kept moist by sprin- 
kling, especially during hot, dry weather. 


CONSTRUCTION PROCEDURES 


(5-29) 91 


Figure 5-22. 


Section X. 


5-33. Hot Weather Concreting 


a. Problems. Concreting in hot weather poses 
some special problems, among which are reduction 
in strength and cracking of flat surfaces due to 
rapid drying. Concrete may stiffen before it can be 
consolidated because of rapid setting of the 
cement and excessive absorption and evaporation 
of mixing water. This leads to difficulty in the 
finishing of flat surfaces. During hot weather, pre- 
cautions should be taken to limit concrete temper- 
ature to less than 90?. Limitations are imposed on 
the maximum temperature of concrete and on the 
placing of concrete during hot weather because 
the quality and durability suffer when concrete is 


Use of waterproof curing paper. 


EFFECTS OF TEMPERATURE 


mixed, placed, and cured at high temperatures. 
Difficulty can be experienced even with concrete 
temperatures of less than 90? F. The combination 
of hot, dry weather and high winds is most severe, 
especially when placing large exposed slabs. 


b. Effects of High Concrete Temperatures. 


(1) Mixing water requirements. High tem- 
peratures accelerate the hardening of concrete and 
more mixing water is generally required for the 
same consistency. Figure 5-28 shows the increase 
in mixing water required to maintain the same 
slump as temperature increases; however, increas- 
ing the water content of concrete without increas- 
ing the cement content results in a higher water- 
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cement ratio, thereby adversely affecting the 
Strength and other properties of hardened con- 


crete. 
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Figure 5-23. Increase in water requirement of a concrete « 
mix as temperature increases. 


(2) Compressive strength of concrete. Figure 
5-24 shows the effect of high concrete tempera- 
tures on compressive strength. These tests, using 
identical concretes of the same water-cement 
ratio, show that while higher concrete tempera- 
tures increase early strength, at later ages the re- 
verse is true. If the water content had been in- 
creased to maintain the same slump (without 
changing the cement content), the reduction in 
strength would have been even greater than 
shown in figure 5—24. 


(3) Cracking. In hot weather the tendency 
for cracks to form is increased both before and 
after hardening. Rapid evaporation of water from 
hot concrete may cause plastic shrinkage cracks 
before the surface has hardened. Cracks may also 
develop in the hardened concrete because of in- 
creased shrinkage due to higher water require- 
ment and because of the greater range between 
the high temperature at the time of hardening and 
the low temperature to which the concrete will 
later drop. 


c. Cooling Concrete Materials. The most practi- 
cal method of maintaining low concrete tempera- 
tures is to control the temperature of the concrete 
materials. One or more of the ingredients may be 
cooled before mixing. In hot weather the aggre- 
gates and water should be kept as cool as practica- 
ble. Mixing water is the easiest to cool and is the 
most effective, pound for pound, for lowering the 


CONCRETE, MASONRY AND BRICKWORK 


Compressive strength of 
28-day 73°F cured concrete 


140 
Curing 
Specimens cast and moist-cured at 
120 temperature indicated for first 23 days. 
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Mix data 
м/с ratio 5 gal/sack 
40 slump 1+0 3 іп 
air content 4.596 
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Figure 5-24. Effect of high temperature on concrete сот» 
pressive strength at various ages. 


temperature of concrete. However, since aggre- 
gates represent 60 to 80 percent of the total 
weight of concrete, the concrete temperature is 
primarily dependent on the aggregate tempera- 
ture. Figure 5-25 shows the effect of the tempera- 
ture of mixing water and aggregate on the tem- 
perature of fresh concrete. The temperature of the 
fresh concrete can be lowered by several means: 


(1) Using cold mixing water. Slush ice can be 
used in extreme cases to cool the water. 


(2) Cooling coarse aggregate by sprinkling; 
avoid excessive use of water. 


(3) Insulating mixer drums or cooling them 
with sprays or wet burlap coverings. 


(4) Insulating water-supply lines and tanks, 
or painting them white. 


(5) Shading materials and facilities not oth- 
erwise protected from the heat. 


(6) Working only at night. 
(7) Avoiding the use of hot cement. 


(8) Sprinkling forms, reinforcing steel, and 
subgrade with cool water just before placing con- 
crete. 


d. Additional Precautions. High temperatures 
increase the rate of concrete hardening and 
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Chart bosed an following mix proportions: 


aggregote 3,000 Ib. 
moisture in aggregate 60 Ib 
odded mixing water 240 Ib. 
cement, ot ISO°F 564 Ib 


Figure 5-25. Temperature of fresh concrete as affected 
by temperature of materials. 


shorten the length of time within which the con- 
crete can be handled and finished. Since setting is 
accelerated, transporting and placing should be 
done as quickly as practicable. Extra care must be 
taken in placing techniques to avoid cold joints. 
Curing is difficult in hot weather since the water 
evaporates rapidly from the concrete. Proper 
curing is especially important in hot weather be- 
cause of the greater danger of crazing and crack- 
ing. Forms are not satisfactory substitutes for 
curing in hot weather. They should be loosened as 
soon as it can be done without damage to the con- 
crete. Water should be applied and allowed to 
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cover the concrete. The efficiency of curing com- 
pounds is reduced in hot weather. Frequent sprin- 
kling and the use of wet burlap and other means 
of retaining the moisture for longer periods are 
necessary. 


5-34 Cold Weather Concreting 


a. Considerations. The placing of concrete does 
not have to be suspended during winter months if 
necessary precautions are taken to protect the 
fresh concrete from freezing temperatures until 
necessary protection can be provided. For success- 
ful winter work, adequate protection must be pro- 
vided when temperatures of 40? F. or lower occur 
during placing and during the early curing period. 
Prior planning should include provisions for heat- 
ing concrete materials and maintaining favorable 
temperatures after the concrete is placed. To pre- 
vent freezing, the temperature of the concrete 
should not be less than that shown in line 4, table 
5-5, at the time of placing. Thermal protection 
may be required to assure that subsequent con- 
crete temperatures do not fall below the minimum 
shown in line 5, table 5-5, for the periods shown 
in table 5-6, to ensure durability or to develop 
strength. The temperature of fresh concrete as 
mixed should not be less than shown in lines 1, 2, 
and 3 of table 5-5. Note that lower concrete tem- 
peratures are recommended for heavy mass sec- 
tions than for thinner sections because less heat is 
dissipated during the hydration period. More heat 
is lost during transporting and placing; therefore, 
the fresh concrete temperatures are higher for 
colder weather. Temperatures for concrete over 
70° F. are seldom necessary, since they do not 
furnish proportionately longer protection from 
freezing because the loss of heat is greater. High 
concrete temperatures also require more mixing 
water for the same slump; this contributes to 
cracking due to shrinkage. 


Table 5-5. Recommended Concrete Temperatures for Cold Weather Construction* (Air-Entrained Concrete) 


Line Condition of placement and curing Thin sections Moderate sections Mass sections 
1 Min. temp. fresh concrete as mized for Above 30 deg. F......... 60 55 50 
2 weather indicated, deg. F. Oito sorde E 65 60 55 
3 Below 0 deg. F...... 2... 10 65 60 
4 Min. temp. fresh concrete as placed, deg. F. 55 50 45 
5 Max. allowable gradual drop in temp. throughout first 24 hours after end 50 40 30 


of protection, deg. F. 


* Adapted from Recommended Practice for Cold Weather Concreting (ACI 306-66). 
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Table 5-6. Recommended Duration of Protection for Concret 
Placed in Cold Weather* (Air-entrained Concrete) 


Degree of exposure 


Normal concrete** 
to freeze-thaw 


High-early-strength 
concretef 


No exposure. ...... 
Any exposure 


*Protection for durability at temperature indicated in line 4, Table 5-5 
Mone from Recommended Practice for Cold Weather Concreting (ACI 

**Made with Type I, II, or Normal cement. 

fMade with Type III or High-Early-Strength cement, or an accelerator, 
or an extra 100 lb. of cement. 


b. Effect of Low Concrete Temperatures. Tem- 
perature affects the rate at which hydration of 
cement occurs—low temperatures retard concrete 
hardening and strength gain. This fact is illus- 
trated in figure 5-26 for concrete mixed, placed 
and cured at tempeatures between 40° and 73° F. 
It can be seen from the above figure that at tem- 
peratures below 73° F., the strength of concrete 
is lower during the first 28 days and then is higher 
than that of concrete cured at 73° F. Therefore, 
concrete placed at temperatures below 73° F. must 
be cured longer. It should be remembered that 
strength gain practically stops when moisture re- 
quired for hydration is no longer available. The 
early strengths that may be achieved through use 
of Type III or High-Early Strength cement are 
higher than those achieved with Type I cement, as 
illustrated by figure 5-27. 


Compression 
Compressive strength, per cent of 


140 28-day 286 cured concrete 


| Curing | 

Specimens cast and moist-cured at 
120 temperature indicated for first 28 days. _ 
All moist- cured ot 73°F thereafter 


Typel or Normal cement 
| 


100 


| 
Mix Dota 


w/c ratio 48 gal/sack | 
slump 2 to 4 in. 


| dir content 4.6% 
| | 


Age of test days 


Figure 5-26. Effect of low temperatures on concrete com- 
pressive strength at various ages. 
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Compressive strength, per cent 
of 28-day 73° F. cured concrete 
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Mix data: cement content 517 Ib.percu.yd. 
w/c ratio 0.40 to 0.44 Ib./1b. 
air content 4.5-5.0 per cent 
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тесе 
wg | — 
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cured о! 40° F 


| 3 7 
Age of test, days 


Figure 5-27. Early compressive strength relationships 
involving portland cement types and low curing 
temperatures. 


c. Cold Weather Techniques. 


(1) Heating concrete materials. Thawing 
frozen aggregates makes proper batching easier. 
Frozen aggregates must be thawed to avoid pock- 
ets of aggregate in the concrete after placing. Ex- 
cessively high water content must be avoided if 
thawing takes place in the mixer. It is seldom nec- 
essary to heat aggregates in temperatures above 
freezing. At temperatures below freezing, con- 
crete of the required temperatures may be pro- 
duced by heating the fine aggregate only. 


(a) Heating aggregates. Several methods 
are used to heat aggregates. On small jobs aggre- 
gates may be heated by piling them over metal 
pipes in which fires are built. To obtain recom- 
mended concrete temperatures, the average tem- 
perature of the aggregates should not exceed 150? | 
F. Aggregates are frequently stockpiled over pipes 
through which steam is circulated. The stockpiles | 
should be covered with tarpaulines to retain and 
distribute the heat. Live steam may be injected 
directly into the pile of aggregate to heat it but 
the problem of variable moisture content can re- 
sult in erratic control of mixing water. | 

(b) Heating water. Mixing water is the 
easiest ingredient of concrete to heat. It can store 
five times as much heat as solid materials of the | 


same weight, although the weight of aggregates 
and cement is much greater than the weight of 
water. The heat stored in water may be used to 
heat concrete materials. When either aggregates or 
water are heated above 100? F., they should be 
combined in the mixer before the cement is added. 
Figure 5-28 shows the effect of the temperature of 
materials on the temperature of fresh concrete. 
Figure 5—28 is reasonably accurate for most ordi- 
nary concrete mixtures. Water should not be hot- 
ter than 180? F. shown on the chart. The chart 
further indicates that in some cases both aggre- 
gates and water must be heated. For example, if 
the weighted average temperature of aggregates 
is below 36? F. and the desired concrete tempera- 
ture is 70? F., then the aggregates would have to 
be heated in order to limit the water temperature 
to 180? F. 


(2) Use of high-early-strength concrete. High 
strength at an early age is frequently desired dur- 
ing winter construction to reduce the length of 
‘time protection is required. The value of high-ear- 
ly-strength concrete during cold weather is often 
realized through early re-use of forms and re- 
moval of shores, savings in the cost of additional 
heating and protection, earlier finishing of flat- 
work, and earlier use of the structure. 


(3) Use of accelerators. So called antifreeze 
compounds or other materials should not be used 
to lower the freezing points of concrete. Strength 
of concrete and other properties are seriously af- 
fected by the large quantities of an accelerator 
required to lower the freezing point appreciably. 
Small amounts of additional cement or of accelera- 
tors such as calcium chloride to accelerate harden- 
ing of concrete in cold weather may be beneficial, 
as long as no more than 2 percent of calcium 
chloride by weight of cement is used. Precautions 
are necessary when using accelerators containing 
chlorides where there is an in-service potential for 
corrosion, as, for example, for prestressed con- 
crete, or where aluminum inserts are contem- 
plated. When sulfate-resisting concrete is re- 
quired, use an extra sack of cement per cubic yard 
rather than calcium chloride. Accelerators should- 
not be used as a substitute for proper curing and 
frost protection. 


(4) Preparation before placing. Concrete 
Should never be placed on a frozen subgrade. Se- 
vere cracks usually occur due to settlement when 
the subgrade thaws. If the subgrade is frozen for 
only a few inches deep, the surface may be thawed 
by burning straw, by Steaming, or if the grade 
permits, by spreading a layer of hot sand or other 
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Mixing water temperature 
degrees F 


Weighted averoge temperature of aggregates 
and cement, degrees F 


Chart based on following mix proportions 


aggregate 3,000 Ib 
moisture in aggregote 60 Ib 
added mixing water 240 Ib 
cement 564 Ib 


Figure 5-28. Temperature of mixing water needed to 
produce heated concrete of required temperature. 


granular material. The ground must be thawed 
enough to assure that it will not freeze during the 
curing period. 


d. Curing. Concrete in forms or covered with 
insulation seldom loses enough moisture at 40° to 
55°F. to impair curing. Some moisture must be 
provided for concrete curing during winter to 
offset the drying tendency when heated enclosures 
are used. Concrete should be kept at a favorable 
temperature until it is strong enough to withstand 
low temperatures and anticipated service loads. 
Forms serve to distribute the heat more evenly 
and help prevent drying and overheating. They 
should be left in place as long as practicable. Con- 
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crete that is allowed to freeze soon after placing is 
permanently damaged. If the concrete has been 
frozen once at an early age, 11 may be restored to 
nearly normal under favorable curing conditions 
although it will not weather as well nor be as wa- 
tertight as concrete that is not frozen. Air-en- 
trained concrete is less susceptible to damage from 
freezing than concrete without entrained air. Cold 
weather concreting is discussed in detail in TM 
5-349. Several methods to maintain proper tem- 
peratures during curing are described below. 


(1) Live steam. Live steam exhausted into an 
enclosure is an ехсеПегі practical method of 
curing in extremely cold weather because moisture 
from the steam offsets the rapid drying that 
occurs when very cold air is heated. A curing com- 
pound may be used after the protection is removed 
and the air temperature is above freezing. 


(2) Insulation blanket or bat insulation. The 
manufacturers of these materials can usually pro- 


Section ХІ. 


5—35. Basic Considerations 


It is generally advantageous to leave forms in 
place throughout the required curing period. How- 
ever, it may be necessary to strip forms as early 
as possible to permit their immediate reuse. Also 
certain finishing operations, such as rubbing, may 
require early removal of forms. In any case, forms 
must not be removed before the concrete is strong 
enough to carry its own weight and any other 
loads that may be placed on it during.construction. 
The forms for columns, footings, and sides of 
beams and walls can usually be removed before 
the forms for floors and beam bottoms. For most 
conditions, it is better to rely on the strength of 
the concrete as determined by test rather than to 
select arbitrarily the age at which forms may be 
removed. A minimum compressive strength of 500 
psi should be attained before concrete is exposed 
to freezing. The age-strength relationship should 
be determined from tests on representative sam- 
ples. Under average conditions (for example, air- 
entrained concrete made with a water-cement 
ratio of 6 gallons per sack) the times required to 
attain certain strengths are shown in table 5-7. It 
should be remembered that strengths are affected 
by materials used, temperatures, and other condi- 
tions. The time required before form removal, 
therefore, will vary from job to job. 


NEEDED 
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vide information on the amount of insulation nec- 
essary for protection at various temperatures. The 
corners and edges of concrete are most vulnerable 
to freezing and should be checked to determine the 
effectiveness of the protective covering. 


(3) Heated enclosures. Wood, canvas, build- 
ing board, plastic sheets, or other materials are 
used to enclose and protect concrete from below 
freezing temperatures. Wood framework covered 
with tarpaulins or plastic sheets is also used. The 
enclosures should be sturdy and reasonably air- 
tight. Free circulation of warm air should be pro- 
vided for. Control of the temperature within the 
enclosure is easiest with live steam. Carbon-diox- 
ide-producing heaters (salamanders and other 
fuel-burning heaters) should not be used during 
concrete placing and for 24 to 36 hours after 
placement unless they are properly vented. Tem- 
peratures differences should be minimized. Ade- 
quate minimum temperatures should be provided 
for the entire curing period. 


FORM REMOVAL 


5—36. Form Removal Procedures 


Forms should be designed and constructed with 
some thought as to their removal with a minimum 
of danger to the concrete. The forms must be 
stripped carefully to avoid damage to the surface 
of the concrete. When it is necessary to wedge 
against the concrete, only wood wedges should be 
used rather than a pinchbar or other metal tool. 
The forms should not be jerked off after wedging 
has been started at one end; this is almost certain 
to break the edges of the concrete. Forms that are 
to be reused should be cleaned and oiled immedi- 
ately after their removal. Nails should be with- 
drawn as the forms are stripped from the con- 
crete. 


Table 5-7. | Age-Strength Relationship* 


Strength, psi 


Type I or normal 


Type III or 
high-early-strength 


PENES e 24 hours.........] 12 hours 
ye NN 18 hours 
ЫЕ. 1!» days 
21. days 


*Air-entrained concrete with water-cement ratio of 6 gallons per sack. 
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5—37. New Concrete 
a. Procedure. 


(1) Inspection. Concrete should be inspected 
for surface defects when the forms are removed. 
These defects may be rock pockets, inferior qual- 
ity, ridges at form joints, bulges, bolt holes, and 
form-stripping damage. Repairs are costly and in- 
terfere with the use of the structure. However, 
experience has demonstrated that no step in the 
procedure can be omitted or carelessly performed 
without harming the service ability of the repair 
work. If not properly performed, the repair will 
later become loose, will crack at the edges, and 
will not be water-tight. 


(2) Timely repair. On new work the repairs 
which will develop the best bond and thus have the 
best chance of being as durable and permanent as 
the original work are those made immediately 
after early stripping of the forms, while the con- 
crete is quite green. For this reason, repairs 
should be performed within 24 hours after the 
forms have been removed. 


(3) Removal of ridges and bulges. If ridges 
and bulges are objectionable, they may be removed 
by carefui chipping followed by rubbing with a 
grinding stone. 


b. Patching Concrete. 


(1) Defective areas. Defective areas such as 
rock pockets or honeycomb must be chipped out to 
solid concrete, the edges cut as straight as possible 
at right angles to the surface or slightly undercut 
to provide a key at the edge of the patch. The 
surface of all holes that are to be patched should 
be kept moist for several hours before applying 
the mortar. The mortar should be allowed to set as 
long as possible before being used, to reduce the 
amount of shrinkage and make a better patch. If a 
shallow layer of mortar is placed on top of the 
honeycombed concrete, moisture will form in the 
voids and subsequent weathering will cause the 
mortar to spall off. Shallow patches may be filled 
with mortar placed in layers not more than 1% 
inch thick. Each layer should be scratched rough 
to improve the bond with the succeeding layer, and 
the last layer smoothed to match the adjacent sur- 
face. Where absorptive form lining has been used, 
the patch can be made to match the rest of the 
surface by pressing a piece of the form lining 
against the fresh patch. 


(2) Large patches. Large or deep patches 
may be filled with concrete held in place by forms. 
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PATCHING 


These patches should be reinforced and doweled to 
the hardened concrete (fig. 5-29). Patches usually 
appear darker than the surrounding concrete. 
Some white cement should be used in the mortar 
or concrete used for patching if appearance is im- 
portant. A trial mix should be tried to determine 
the best proportion of white and gray cements to 
use. Before mortar or concrete is placed in 
patches, the surrounding concrete should be kept 
wet for several hours. A grout of cement and 
water mixed to a creamy consistency should then 
be brushed into the surfaces to which the new 
material is to be bonded. Curing should be started 
as soon as possible to avoid early drying. Damp 
burlap, tarpaulins and membrane curing com- 
pounds are useful for this purpose. 


FORM TIE 


Figure 5—29. Repair of new concrete. 


(3) Filling bolt holes. Bolt holes should he 
filled with mortar carefully packed into place in 
small amounts. The mortar should be mixed as dry 
as possible, with just enough water so that it will 
be tightly compacted when forced into place. Tie 
rod holes extending through the concrete can be 
filled with mortar with a pressure gun similar to 
an automatic grease gun. 


(4) Flat surfaces. Feathered edges around a 
patch (1 fig. 5-30) will break down. The chipped 
area should be at least 1 inch deep with the edges 
at right angles to the surface (2 fig. 5-30). The 
correct method of screeding a patch is shown in 8 
figure 5-30. The new concrete should project 
slightly beyond the surface of the old concrete. It 
should be allowed to stiffen and then troweled and 
finished to match the adjoining surfaces. 
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(Т) INCORRECTLY INSTALLED PATCH 


(2) CORRECTLY INSTALLED PATCH 


SHIM STRIKE -OFF BOARD 


(3) CORRECT METHOD OF SCREEDING PATCH 


Figure 5-30. Patching concrete. 


5-38. Old Concrete 


a. Preliminary Procedure. 


(1) Inspection. Before repairing old concrete, 
the amount of material to be removed must first be 
determined. A thorough inspection of the im- 
perfection should be made before repairs are 
started. All concrete of questionable quality should 
be removed. However, in many cases, if all of the 
weakened material were removed, nothing would 
be left. In the event that all the weakened material 
cannot be removed and the old concrete will be 
completely encased in new concrete, only the loose 
material needs to be removed. Where old and new 
concrete form a junction at a surface exposed to 
weathering or chemical attack, the old concrete 
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must be perfectly sound. It is far better to remove 
too much old concrete than too little. 

(2) Preparation. After initially removing the 
weakened material and loose particles, the surface 
to be repaired should be thoroughly cleaned with 
air or water, or both. The area around the repair 
should be kept continuously wet for several hours, 
preferably overnight. This wetting is especially 
important in the repair of old concrete. Without 
wetting a good bond cannot be achieved. 


b. Patching Concrete. Where small areas of 
patching are involved, rectangular patches should 
be used. The upper 1 to 2 inches of the edge of the 
old concrete should be trimmed to a vertical face 
to eliminate the possibility of thin edges in the 
patch or in the old concrete. The depth of the re- 
pair is dependent upon many conditions. For re- 
pairing large structures such as walls, piers, 
curbs, and slabs, the depth of repair should be at 
least 6 inches where possible. If reinforcement 
bars are in the old concrete, there should be a 
clearance of at least an inch around each exposed 
bar. After the wetting period the new concrete 
should be placed in layers and each layer thor- 
oughly tamped. The concrete should be a low- 
slump mixture which has been allowed to stand for 
a while in order to reduce shrinkage in the hole. In 
the repair of old concrete, it may be necessary to 
use forms to hold the new concrete in place. The 
design and construction of these forms often calls 
for a high degree of ingenuity. Well designed and 
properly constructed forms are important steps in 
the procedure for repairing concrete. Deep 
patches should be reinforced and to the hardened 
concrete. Following patching, good curing is es- 
sential. Curing should be started as soon as possi- 
ble to avoid early drying. 


CHAPTER 6 
REINFORCED CONCRETE CONSTRUCTION 


Section |l. DEVELOPMENT 


6—1. Definitions and Principles 


a. Reinforced Concrete. Concrete is strong in 
compression, but relatively weak in tension. The 
reverse is true for slender steel bars and when the 
two materials are used together one makes up for 
the deficiency of the other. When steel is embedded 
in concrete in a manner which assists it in carry- 
ing imposed loads, the combination is known as 
reinforced concrete. Beam strength can be in- 
creased significantly by the use of steel in the ten- 
sion side (fig. 6-2). 


im 


(ZERO STRESS) 


REINFORCING 
STEEL 
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Figure 6-1. Cross-section of a reinforced concrete beam. 


b. Tensile Strength. Tensile strength is such a 
small percentage of the compressive strength that 
it is ignored in reinforced concrete beam calcula- 
tions. Instead, tensile resistance is provided by 
longitudinal steel bars well embedded in the ten- 
sion side. 


c. Shear Strength. The shear strength of con- 
crete is about one-third the unit compressive 
strength, and tensile strength is less than one-half 
the shear strength. A concrete slab subjected to a 
downward concentrated load fails due to the diag- 
onal tension. Beams are prevented from failing in 
diagonal tension by providing web reinforcement. 


d. Bond Strength. Bond strength is the resist- 


ance developed by concrete to the pulling out of a 
steel bar embedded therein. The theory of rein- 
forced concrete beam design is based on the as- 
sumption that a bond exists between the steel and 
concrete which prevents relative movement be- 
tween them as the load is applied. The amount of 
bond strength that can be developed depends 
largely upon the area of contact between the two 
materials. Due to their superior bond value, bars 
manufactured with a very rough outside surface, 
called deformed bars (fig. 6-2), have replaced 
plain bars. 


Figure 6—2. Steel reinforcing bars. 


e. Bending Strength. When a beam is subjected 
to à bending moment it deflects because the parts 
that are in compression shorten and those that are 
in tension become longer. The weak portions of 
the beam, as shown by the short irregular lines in 
figure 6—8 where tension exists must be reinforced 
with steel. This figure is not intended to show that 
beams always crack excessively, but to show the 
condition that beams may reach if they are loaded 
sufficiently. Concrete in the areas subjected to 
compression is usually effective by itself. 


f. Creep. The tendency for loaded concrete to 
deform after a lapse of time is known as creep or 
plastic flow. Concrete tends to exhibit this con- 
tinuing deformation over the whole stress range. 
It takes place rapidly at first, then much more 
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Figure 6-3. Concrete beams. 


slowly, becoming small or negligible after a year 
or two. Some authorities believe that the initial 
strains of well-designed reinforced concrete struc- 
tures are removed during the first few service 
loadings and after that they perform elastically as 
long as they are not overloaded. Due to creep, de- 
flection of concrete cannot be predicted by the 
common deflection formulas with any satisfactory 
degree of accuracy. However, failures are not 
usually traceable to creep because this phenome- 
non usually ceases in well proportioned structures 
before excessive deflections occur. 


g. Homogeneous Beams. Beams composed of the 
same material throughout, such as steel or timber 
beams are called homogeneous beams. 


h. Neutral Axis. The axis where the bending 
stress in a beam is zero is called the neutral axis 
(fig. 6-1). 


6-2. Reinforced Concrete Design 


a. Specifications. The solutions to common prob- 


Section ll. 


6-3. Reinforcing 


a. Types of Structural Members. A reinforced 
concrete structure is made up of many types of 
reinforced structural members including columns, 
beams, girders, walls, footings, slabs, etc. Analysis 
indicates that the different members interact to a 
considerable degree in view of the fact that a rein- 
forced concrete structure is monolithic. 

b. Beam Reinforcement. Four common types of 
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lems of reinforced concrete design are influenced 
by the practical experience of many structural en- 
gineers and by the results of exhaustive tests and 
investigations conducted at universities and else- 
where. The results of these experiences, tests, and 
investigations have been reflected in rules and 
methods that are published as the “Report of the 
Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete” and other ref- 
erences. In most practical designs engineers will 
make reference to standard specifications. 


b. Design. The term “design of a beam" for in- 
stance denotes determination of the size and the 
materials required to contract a beam that can 
safely support specified loads under certain defi- 
nite conditions of span, stress, and the like. Econ- 
omy and efficiency in the use of materials, strength, 
spacing, and arrangement of reinforcing steel are 
factors which enter into the design. The design of a 
reinforced concrete structure requires sound engi- 
neering judgment and experience. No attempt is 
made to teach the design of reinforced concrete 
members or structures in this manual in view of 
the many authoritative texts available in this field. 
The design of reinforced concrete consists princi- 
pally in predicting the position and direction of 
potential tension cracks in concrete, and in fore- 
stalling the cracking by locating sufficient steel 
across them. From the structural engineer's point 
of view, there are three types of members, namely, 
tension members, compression members and bend- 
ing members, called beams. Beams require the 
most study because the bending stress varies over 
the cross section, instead of being uniformly dis- 
tributed. 


c. Workmanship. It is emphasized that the best 
of designs can be ruined if the intent of the plans 
is not carried out faithfully and intelligently in 
the field. Proper reinforced concrete construction 
depends on men who understand the action of 
structures and who appreciate the characteristics 
and limitations of the material. 


STRUCTURAL MEMBERS 


beam reinforcing steel are shown in figure 6—4. 
Both straight and bent-up principal reinforcing 
bars are depended on to resist the bending ten- 
sion in the bottom over the central portion of the 
span. Fewer bars are necessary on the bottom 
near the ends of the span where the bending mo- 
ment is small. For this reason, some bars may be 
bent as shown in figure 6—4 so the inclined portion 
can be used to resist diagonal tension. The rein- 
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forcing bars of continuous beams are continued 
across the supports to resist tension in the top in 
that area. 

(1) When there are not enough bent bars 
available to resist all the diagonal tension, addi- 
tional U-shaped bars, called stirrups, are usually 
necessary. Due to the tensile stress on the stir- 
rups, they must pass under the bottom steel and 
perpendicular to it to prevent lateral slippage. 
Welded stirrups serve the same purpose as U- 
shaped bars and may be placed at any desired 
angle decided on by the engineer. 

(2) Horizontal reinforcing steel is usually 
supported on devices called bolsters or chairs (fig. 
6-5) that hold the bars in place during construc- 
tion. Stress-carrying reinforcing bars must be 
placed in accordance with American Concrete In- 
stitute (ACI) Code 318—63, section 808, Building 
Code Requirements for Reinforced Concrete. 


c. Column Reinforcement. A column is а slen- 
der, vertical member which carries a superim- 
posed load. Concrete columns must always be rein- 
forced with steel, unless the height is less than 
three times the least lateral dimension in which 
case the member is called a pier or pedestal. Al- 
lowable loads and minimum column dimensions 
are governed by ACI Code 318-63. Most concrete 
columns are subjected to bending. Figure 6—6 
Shows two types of column reinforcement. Verti- 
eal reinforcement is the principal reinforcement. 
Lateral reinforcement surrounds the column hori- 
zontally and consists of individual ties ((a), fig. 
6-6) or a continuous spiral ( (b), fig. 6-6). 


d. Tied Columns. A loaded concrete column 
shortens vertically and expands laterally ((a), fig. 
6—6). Lateral reinforcement in the form of lateral 


VERTICAL STIRRUP 
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ties is used to restrain the expansion. The princi- 
pal value of lateral reinforcement is to provide 
intermediate lateral support for the vertical, or 
longitudinal reinforcement. Columns reinforced in 
this manner are called tied columns. 


e. Spiral Columns. А spiral column is identified 
by a continuous spiral winding ((b), fig. 6—6) 
which encircles the core and lonzitudinal steel. A 
spiral column is generally considered to be more 
substantial than a tied column due to the continu- 
ity of the spiral reinforcement, as opposed to the 
many imperfect anchorages at the ends of the in- 
dividual lateral ties in a tied column. The pitch of 
the spiral reinforcement can be reduced to provide 
effective lateral support. The pitch of the spira! 
and tie size and number of bars are specified by 
the engineer. 


f. Composite and Combination Columns. А 
structural steel or cast iron column thoroughly en- 
cased in concrete, reinforced with both longitudi- 
nal and spiral reinforcement is called a composite 
column. The cross-sectional area of the metal core 
of a composite column cannot exceed 20 percent of 
the gross area of the column. A structural steel 
column encased in concrete at least 2% inches 
thick over all the metal and reinforced with 
welded wire fabric is called a combination column. 
Composite and combination columns are often 
used in construction of large buildings. 


д. Vertical Reinforcement. The vertical rein- 
forcement in a column helps to carry the direct 
axial load as the column shortens under load. 
Vertical bars are located around the periphery of 
a column for effective resistance to possible bend- 
ing. Each vertical reinforcing bar tends to buckle 
outward in the direction of least opposition. For 
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Figure 6-4. Typical shapes of reinforcing steel. 


102 


m AA 


CONTINUOUS HIGH CHAIR — СНС 


(6-4) 


HIGH CHAIR — HC 


SLAB BOLSTER — SB BEAM BOLSTER — BB 


Figure 6-5. Supports for reinforcing steel. 


this reason every vertical reinforcing bar should 
be held securely, at close vertical intervals against 
outward lateral movement. For example in the 8- 
bar group shown in (b), figure 6—6, a second sys- 
tem of ties, T, is necessary to confine the four 
intermediate vertical reinforcing bars. If these 
ties are omitted, the 8-bar group tends to come 
into a slightly circular configuration under load. 
The resultant bulging leads to destructive cracking 
of the concrete shell and failure of the column. A 
round column has obvious advantages in this re- 
Spect. 


6—4. Shrinkage and Temperature 
Reinforcement 


Slabs and walls must not only be reinforced by the 
principal reinforcement against the applied loads 
to which they are subjected. They must also be 
reinforced in the lateral direction to resist the ef- 
fects of shrinkage and temperature change. Con- 
crete shrinks as hydration proceeds. А small per- 


Section lll. 


6—5. Basic Considerations 


a. Grades. Concrete reinforcing steel is availa- 
ble as bars in 11 bar sizes (table 6-1) ranging 
from 35-inch diameter to about 214-inch diameter, 
as wire for column spirals, and as wire mesh 
which is often used for temperature and shrink- 
age reinforcements of slabs and walls. Reinforc- 
ing steel is specified in ASTM A615, A616, and 
A617. The minimum yield strengths are: 40,000 
psi, 50,000 psi, 60,000 psi, and 75,000 psi. The en- 
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centage of steel must be used to resist this force. 
Similarly, concrete must be allowed to contract 
with the lowering of temperature. А fall in tem- 
perature of about 83 degrees causes as much 
movement as drying shrinkage. Depending on the 
extent adjacent construction interferes, this move- 
ment tends to cause the concrete to become 
stressed in tension. The amount of shrinkage and 
temperature reinforcement usually provided for is 
approximately one-fifth of 1 percent of the area of 
the cross section of concrete, as required by the 
Specifications. 
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Figure 6-6. Reinforced concrete columns. 


REINFORCING STEEL 


gineer will specify the size, amount and classifica- 
tion of reinforcing steel to be used. Wire mesh is 
cold-drawn from hard-grade steel. All steel used in 
the manufacture of concrete reinforcing bars is 
ductile. Generally, hooks of relatively small radius 
can be cold-formed on the job without breakage. 
Improved deformed bars, which conform to 
ASTM Specifications are so superior in bond value 
that hooking the ends of the bar does not add sig- 
nificantly to the strength. Bars which do not meet 
ASTM specifications are no longer rolled for con- 
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crete reinforcement. With so many grades of steel 
now available, quite likely having the same pat- 
tern of deformation, some permanent, rolled-on 
identification is necessary and is required by the 
latest ASTM specifications. Two systems of grade 
markings have been adopted and are illustrated in 
figure 6-7 : 


(1) Continuous longitudinal smaller lines be- 
tween the main longitudinal ribs. One small line 
identifies 60,000 psi; two such lines 75,000 psi 
yield strength. 


(2) Rolled-on numbers follow the symbols 
and number that indicates bar size. The number 
40 identifies 40,000 psi; the number 50 identifies 
50,000 psi; the number 60 identifies 60,000 psi, 
and the number 75 identifies 75,000 psi yield 
strength steel. 


CONTINUOUS LINE SYSTEM - GRADE MARKS 
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Figure 6-7. Reinforcing bar grade markings. 
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Table 6-1. Standard Steel Reinforcing Bars* 


Cross- 
sectional 
area, in.? 


Bar | Perimeter 
designation і 
No.** 


3 : 0. 0. 
4 Р 0. 0. 
5 12 0. 0. 
6 1; 0. 0. 
7 2. 0. 0. 
8 Ze I: 0. 
> 3. qe i 
10 4. ШІ 15 
11 5. jm 1. 
14 1 p- 2. 

18. 2. 4. 


*The nominal dimensions of а deformed bar are equivalent to those of a 
plain round bar having the same weight per foot as the deformed bar. 

**Bar numbers are based on the number of eighths of an inch included in 
the nominal diameter of the bars. 


b. Hooks. It is not possible or feasible in some 
cases to extend straight bars far enough to de- 
velop their strength by bond only. In these cases, 
it is common practice to specify bent or hooked 
rods to obtain the required length for their devel- 
opment through bond. The hook provides some 
mechanical locking of the steel into the concrete. 
Good engineering judgment will frequently dictate 
means to insure suitable anchorage for the end of 
the rod, particularly if the bar has to resist large 
tension very near the end. Hooks are usually nec- 
essary for reinforcing bars in tension unless the 
bars terminate at the tops of continuous beams. 
When it is practicable, the longitudinal rods in a 
beam are anchored in the compression area. De- 
tails for bending hooks in reinforcing bars are 
shown in table 6-2. The 90? hook may be used 
when a little mechanical anchorage is desired but 
full development of the rod is not necessary. Аз 
indicated, а reasonably large radius is required 
for this type of hook. The 135? hook is less desira- 
ble than the 90? hook because the acute angle of 
the bend tends to increase the compression in the 
concrete at the inside of the bend. It is usually 
preferable to bend the rod 180? to withstand the 
compression caused by tension in the steel. The 
straight portion beyond the bend is also desirable 
as additional anchorage. All bends in reinforcing 
bars should have reasonably large diameters so 
that the full length of the rod can be considered to 
be effective. A hook should not be used to anchor a 
bar subjected to compression. 


c. Bolsters and Chairs. Bolsters or chairs (fig. 
6—5) are available in a variety of heights to suit 
any situation. Bolsters or chairs keep the bars 
carrying computed stress from 1 to 2 inches from 
the outside shell. This is frequently called protec- 
tive concrete. 
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RECOMMENDED SIZES — 1809 HOOK BAR SIZE 
d 


BAR APPROX. 
EXTEN : H 
4 


4 V2 


D= 6d for bars 
Жо to HT 


D= 8d for bars 
Z8 and Z9 


О = 10а for bars 
ZO and 1! 


7 
J 


Т 
BAR SIZE | BAR APPROX. 
d EXTEN H 

#3 4 


D= 5d MIN. 


NOTE: MINIMUM SIZE HOOKS TO BE USED 
ONLY FOR SPECIAL CONDITIONS. DO NOT USE 
FOR HARD—-GRADE STEEL. 


RECOMMENDED MINIMUM SIZES- 90° HOOK 


EXT. 
Jn exce] 


D=7d for 753 to 


га *”' 
MIN. D=8d for#8 and 
- #9 | 


О-1Оа for #10, 211 
# |45 апа 2185 


b ! 3 3141 а 21/2 
4 3/2] ал) 41/21 314 
5 4/2] 51/2 5 334 


NOTE: STIRRUP HOOKS MAY BE BENT TO THE DIAMETER OF THE SUPPORTING BARS. 


Table 6-2. Hook Details for Reinforcing Steel | 
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d. Stirrups. Small U-shaped bars called stirrups 
are used to supplement bent bars in resisting diag- 
onal tension and to reinforce the web in a beam to 
prevent cracks from spreading. They must pass 
underneath the bottom steel and be perpendicular 
to it to prevent lateral slippage. Vertieal stirrups 
can be readily arranged and so easily set in the 
forms with the other rods that they are one of the 
most practical systems of web reinforcement. An- 
chorage of the stirrups is secured by welding to 
longitudinal steel, by hooking tightly around lon- 
gitudinal reinforcement, and by embedding suffi- 
ciently above the mid-depth of the beam to develop 
the required stress by bond. Welded stirrups (fig. 
6-4) may be placed at any angle. They serve the 
same purpose as vertical stirrups in resisting di- 
agonal tension in the beam. Inclined stirrups are 
more efficient than vertical ones since they may be 
oriented parallel with diagonal stress. Some prac- 
tical considerations offset this advantage. This type 
of stirrup should be welded to longitudinal rein- 
forcement to avoid slippage and displacement dur- 
ing concrete placement, but this work is expensive 
and somewhat troublesome. Stirrups must be 
placed so that every potential diagonal tension 
erack is erossed by at least one stirrup. 


e. Splices. 


(1) Methods. 'The usual method of splicing 
reinforcing bars is by lapping the bars past each 
other so that bond stress will transfer the load 
from one bar into the concrete and then into the 
other bar (fig. 6—8). The rods could be hooked but 
it is not always practicable or even desirable to 
bend tnem. The length of the lap is a matter of 
engineering judgment in considering the stresses 
anticipated in the beam, but approximates 24 to 36 
rod diameters, depending on the size of the rod. 
For plain bars the minimum length of the lap shall 
be twice that for deformed bars. Splices should 
not be made at the points of maximum bending. It 
is usually best to locate splices beyond the center 
of the beam. When possible, splices should be stag- 
gered so that all the splices do not come at the 
same point. The method shown in 1, figure 6-8 is 
satisfactory when the spacing of the bars is large 
but it is undesirable in a beam or similar member 
having several closely spaced bars when the over- 
lapped section sometimes interferes with proper 
encasement of rods and the filling of forms. 


(2) Types. The lap in a horizontal plane illus- 
trated by 2, figure 6-8 is the most practical ar- 
rangement if the spacing provides enough clear- 
ance for the passage of aggregate. Both this 
method and the one shown in 3, figure 6-8 facili- 
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Figure 6-8. Reinforcing bar splices. 


tate tying the bars to hold them in position during 
concreting. However, the tying does not add sig- 
nificantly to the strength of the splices. There is a 
possibility of air pockets and poor bond in the 
space under the junction between the bars. Lap- 
ping of rods in a vertical plane as shown in 3, 
figure 6-8 has the advantage of better encasement 
but the top rods do not fit the stirrups properly, 
and the beam has a smaller effective depth at one 
place than at another one. In practice, bars in this 
position are likely to be knocked down in the posi- 
tion shown in 2, figure 6-8. Reinforcing bars are 
not butted when one rod is not long enough for the 
span. Except as shown on plans, no splicing of 
reinforcement should be made without approval of 
an engineer. There should be at least two supports 
under every bar and bolsters should be spaced at 
about 5-foot intervals. 


f. Storing. Excessive rusting of the reinforcing 


106 (6-8) 


Steel in storage should be avoided. Before the steel 
is placed, the surface should be free from objec- 
tionable coatings, particularly heavy corrosion 
caused by outdoor storage. When stored outside, 
reinforcing bars should be placed on dunnage. 


g. Cleaning. A thin film of rust or mill scale is 
not considered to be seriously objectionable—in 
fact, it may increase the bond of steel with con- 
crete, but loose rust or scale which can be removed 
by rubbing with burlap or by other means should 
be removed. Other objectionable coatings com- 
monly found on reinforcing steel are oil, paint, 
grease, dried mud, and weak dried mortar. If the 
mortar is difficult to remove, it will probably do no 
harm where it is. Anything that destroys the abil- 
ity of the concrete to grip the steel may prove to 
be serious if it prevents the stress in the steel 
from performing its function properly. 


h. Fabrication. When large numbers of rein- 
forcing bars of varied lengths and shapes are re- 
quired they can be prefabricated on the job 
aecording to the drawings. Stirrups and column 
ties are usually less than 14 inch in diameter and 
can be bent cold. Steel bars larger than 34 inch in 
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diameter to be used for main reinforcement should 
be cold-bent. Heating is normally unnecessary 
except for bars over 11% inch in diameter. The 
bends, except for hooks, should be made around 
pins having a diameter of not less than six times 
the bar diameter. If the bar is larger than 1 inch 
the minimum diameter of the bending pin should 
be eight times the bar size. Steel bars larger than 
3% inch in diameter should be bent with a bar 
bending machine whenever possible. If a bending 
machine is not available, a hickey or the bar bend- 
ing table shown in figure 6-9 may be used, al- 
though the bends made with these devices are 
usually too sharp and the bar is weakened. A 
hickey, a level for bending bars, may be impro- 
vised by attaching a 2- by 115- by 2-inch pipe tee 
to the end of a 114-inch pipe lever 3 feet long, and 
sawing a section from one side of the tee. 


6—6. Placement 


а. Support. All steel reinforcement should be 
accurately located in the forms and firmly held in 
place before and during the casting of concrete. 
This can be done by means of built-in concrete 
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Figure 6-9. Bar bending table. 
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blocks, metallic supports, spacer bars, wires, or 
other devices adequate to insure against displace- 
ment during construction and to keep the steel at 
the proper distance from the forms. There should 
be enough supports and spacers to carry the steel 
properly even when subject to construction loads. 
The use of rocks, wood blocks or other unapproved 
objects to support the reinforcing steel is prohib- 
ited. Horizontal bars should be supported at mini- 
mum intervals of 5 or 6 feet. All bars should be 
secured to supports and to other bars by tie wires. 
Wire used to tie bars should not be smaller than 
18 gage. The twisted ends of ties should project 
away from an interior surface. 


b. Spacers. Some specifications require that no 
metal be left in the concrete within a given dis- 
tance of the surface. Generally, the minimum clear 
distance between parallel bars in beams, footings, 
walls, and floor slabs should not be less than 114 
times the largest size aggregate particle in the 
concrete nor less than 1 inch. Spacer and support- 
ing blocks can be made from a mortar with the 
same consistency as the concrete, but without the 
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coarse aggregate. The spacer blocks are usually 
1% inches square or larger varying in length as 
required. Tie wires are cast in the blocks to secure 
the blocks to the reinforcing bars. When this type 
of spacer block is used, removal is not necessary 
when the concrete is placed. 


c. Columns. The clear distance between parallel 
bars in columns should not be less than 115 times 
the bar diameter. The steel for columns is first 
tied together and placed in position as a unit. 
Then the column form is erected around the unit 
and the reinforcing steel is tied to the form at 
5-foot intervals. 


d. Floor Slabs. A typical arrangement of rein- 
forcing steel in floor slabs is shown in figure 6—10. 
The height of the slab bolster is determined by the 
thickness of the required concrete protective 
cover. Concrete blocks made of sand-cement mor- 
tar can be used in place of the slab bolster. The 
bars should be tied together with one turn of wire 
at frequent intervals where they cross, to hold 
them firmly in place. 


Figure 6-10. Reinforcing steel for a floor slab. 
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е. Beams. Reinforcing steel for a reinforced 
concrete beam shown in figure 6-11, indicates the 
position of bolsters and stirrups. Note that the 
stirrups pass under the main reinforcing rods and 
are tied to them with one turn of wire. 
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Figure 6-11. Beam reinforcing steel. 


f. Walls and Footings. Reinforcing steel is 
erected in place for walls, unless wire fabric is 
used. It is not preassembled as it is for columns. 
Ties between the top and bottom should be used 
for high walls. The wood blocks (1, fig. 6-12) are 
removed when the forms have been filled up to the 
level of the block. Welded wire fabric (2, fig. 
6-12) is also used as concrete reinforcement for 
footing, walls and slabs. Reinforcing steel for 
footings should be placed after the forms have 
been set. A typical arrangement is shown in 8, 
figure 6-12. Concrete bars or clean sound stones 
may be used in footings to support the steel the 
proper distance above the subgrade. 
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Figure 6-12. Wall and footing reinforcement. 
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Section IV. 


6—7. Principles 


a. Definition. Precast concrete is any concrete 
member that is cast in forms at a place other than 
its final position of use. The member may be of 
either plain or reinforced concrete. It can be done 
anywhere although this procedure is best adapted 
to a factory or yard. Job-site precasting is not 
uncommon for large projects. Some manufactur- 
ers produce а variety of structural members in 
several different shapes and sizes, including piles, 
girders, roof members and other standard prod- 
ucts. Prestressed concrete is especially well 
adapted to precasting techniques. 


b. Products. Generally, structural members in- 
cluding standard highway girders, piles, electric 
poles, masts and building members are precast’ by 
factory methods unless the difficulty or impracti- 
cability of transportation makes job-site casting 
more desirable. The economies obtained by pre- 
casting standard members or members required in 
large numbers in a central location, for a particu- 
lar project, are readily apparent. 


c.. Advantages. Economy of mass production is 
the principal advantage of precasting. Added to 
this is the desirability of fabricating on the 
ground rather than in the final position the mem- 
ber is intended for. 
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PRECAST CONCRETE 


d. Disadvantages. Some of the inherent advan- 
tages of precasting are offset by the necessity for 
extensive plant facilities including equipment 
Storage space. In addition, some advantages are 
offset by the cost of transporting and the necessity 
for heavy equipment to place precast members in 
position. 


е. Transporting Precast Members. Prestressed 
members can be hauled further and given rougher 
treatment without detriment than either plain or 
reinforced members. In all cases, care must be 
taken to support the members in such a way that 
no excessive strain or loading is applied that is 
different from the design loading. Various types 
of hauling and handling equipment are used in 
precast concrete operations. Heavy girders to be 
transported long distances can be hauled with 
tractor trailers or with a tractor and dolly ar- 
rangement in which the girder acts as the tongue 
or tie between the tractor and the dolly. Smaller 
members such as columns, piles, slabs, etc., can be 
hauled on flatbed trailers. These members must be 
protected from excessive bending stresses due to 
their own dead weight. 


f. Erecting Precast Elements. 'The erection of 
precast members is similar to steel erection. 
Cranes or derricks of sufficient capacity are the 
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Schematic layout of prefabricated yard. 
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usual means of lifting the members. Spreader bars 
frequently must be used in order to handle the 
elements at the correct pickup points. In some 
cases, due to long length or heavy weight, two 
cranes or derricks may be necessary to lift the 
members. 


6—8. Prefabrication Yard 


Precasting is done either in central prefabrication 
plants or at site prefabrication plants depending 
upon the product and its application. On site or 
temporary prefabrication plants are generally 
more suitable for military operations. These 
plants are without roofing and therefore subject to 
weather and climate considerations. The prefabri- 
cation yard is laid out to suit the type and quan- 
tity of members to be processed. It must be on firm 
level ground providing ample working space and 
access routes. Bridge T-beams, reinforced concrete 
arches, end walls, and concrete logs are typical 
members produced at these plants. A schematic 
layout of a prefabrication yard suitable for produc- 
ing such members is shown in figure 6—18. The 
personnel requirements are given in table 6—8. A 
prefabrication unit of this size can be expected to 
produce approximately 6000 square feet of precast 
walls per day. The output will vary according to 
personnel experience, equipment capabilities, and 
product requirements. 


CONCRETE, MASONRY AND BRICKWORK 


6—9. Design 


The design of a structure which specifies precast 
members requires the solution of problems inher- 
ent in this type of construction, including provi- 
sions for seating members and tieing the structure 
together that call for ingenuity and engineering 
skill. No attempt has been made to discuss the 
engineering or design of precast concrete since 
familiarization with the end products and the ma- 
terials and methods used in producing them has 
been the purpose of this chapter. 


Table 6-8. Recommended Frecasiing Team Composition 


Area Personnel 


Renforcement shop and steel storage...... 4 1 Коп Com 
4 EM. 

откор e o ш® 2 EM. 

Casting, curing, and finishing. ........... 2 Non Com 


Placing reinforcement.______.._____._.---- 18 EM. 
Refurbishing forms. 


Mixing area- 909 С УА 1 Non Com 
Water, cement, and aggregate storage..... 5 EM. 
Product stockpiles---------------------- 2 EM. 


Loading and distribution. 
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CHAPTER 7 
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Section l. 


7-1. Tools 
The mason's tools are shown in figure 7—1. 


a. Trowels. The trowel is usually triangular, the 
largest size being 9 to 11 inches long and from 4 to 
8 inches wide. The length and weight of the trow- 
el used depends on the mason. He should select 
the one he can handle the best. Generally, the 
short wide trowels are best since the weight is 
nearer the wrist and does not put as much strain 
on the wrist. Trowels used for pointing and strik- 
ing joints are smaller in size: 3 to 6 inches long 
and 2 to 3 inches wide. The trowel is used to— 


(1) Mix and pick up mortar from the board. 
(2) Throw mortar on the block. 
(3) Spread mortar. 


(4) Tap the block down into its bed when 
necessary. 


b. Chisel or Bolster. The tool is used to cut con- 
crete block. It is 214 to 415 inches wide. 


TROWELS 


22 ae 
ФЕ 
А BUTTERING 
" == 


BOLSTER 


Figure 7-1. Mason's tools. 


MASONS TOOLS AND EQUIPMENT 


c. Hammer. The hammer has a square face on 
one end and a long chisel peen on the other. It 
weighs from 116 to 314 pounds. It is used for 
splitting and rough-breaking of blocks. 


d. Jointer. This tool is used for making various 
types of joints. There are several different types. 
They are rounded, flat, or pointed depending on 
the shape of the mortar joint desired. 


e. Square. The square (1, fig. 7-2) is used to 
measure right angles and lay out corners. 


f. Mason's Level. 'The level enables the mason to 
plumb and level walls. It is from 36 to 48 inches 
long and is made of wood or metal. Two, figure 
1-2 illustrates a level. When the level is placed 
horizontally on the masonry and the bubble in the 
center tube is exactly in the middle of the center 
tube, the masonry is level. When the level is placed 
vertically against the masonry and the bubble in 
the end tube is exactly in the middle of the tube, 
the masonry is plumb. For long, high walls or tall 
columns an offset line from the face of the work 
should be established. To assure straightness and 
plumbness, offset checks between this line and the 
face should be made frequently. 


g. Straightedge. A straightedge, as shown in 3, 
figure 7-2, may be of any length up to 16 feet and 
should be 1% inches thick and 6 to 10 inches wide. 
The top and bottom edges must be parallel. The 
straightedge can be used as an extension of the 
level to cover distances longer than the length of 
the level. 


h. Miscellaneous Tools. Additional equipment 
required includes shovels, mortar hoes, wheelbar- 
rows, chalk, plumb bobs, and a 200-foot ball of No. 
18 to 21 hard-twisted cotton cord of the same type 
used as chalkline by carpenters. 
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Figure 7-2. Square, mason’s level, and straightedge. 


i. Care of Tools. Wheelbarrows, mortar box, and 
mortar tools should be kept clean since hardened 
mortar is difficult to remove. All tools and equip- 
ment should be cleaned thoroughly at the end of 
each day, or when the job is finished, as appropri- 
ate. 


7-2. Equipment 

a. Mortar Box. The mortar box (1, fig. 7-3) is 
used to mix mortar by hand. It should be as water 
tight as possible. 

b. Mortar Board. The mortar board is con- 


structed as shown in 2, figure 2—8. It can be from 
3- to 4-feet square. The mortar board should be 
thoroughly wetted down before any mortar is 
placed on it to prevent the wood from absorbing 
moisture and causing the mortar to dry out. The 
mortar should be kept rounded up in the center of 
the board and the outer edges kept clean. If spread 
in a thin layer, the mortar will dry out quickly and 
there will be a tendency for lumps to form. Proper 
consistency must be maintained at all times. 
Three, figure 7-3 indicates the proper way to fill a 
mortar board. 


| 
| 
| 
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2" x 4" CLEATS 


1 Mortar box 


2 Mortar board 


Figure 7-8. Mortar board and mortar box. 
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3 Filling a mortar board 


Figure 7-8.—Continued. 
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7—3. Desirable Properties 


a. Basic Considerations. Good mortar which is 
necessary to good workmanship and good wall 
service must bond the masonry units into a strong, 
well-knit wall. The strength of the bond is affected 
by various factors including the type and quantity 
of the cementing material, the workability or plas- 
ticity of the mortar, the surface texture of the 
mortar bedding areas, the water retentivity of the 
mortar, and the quality of workmanship in laying 
the units. Water retentivity is that property of 
mortar which resists rapid loss of water to ma- 
sonry units which may possess high absorption. 
Mortar which is used to bond brick together will 
be the weakest part of brick masonry unless prop- 
erly mixed and applied. Both the strength and re- 
sistance to rain penetration of brick masonry 
walls are dependent to a great degree on the 
strength of the bond. Water in the mortar is es- 
sential to the development of bond and if the mor- 
tar contains insufficient water the bond will be 
weak and spotty. When brick walls leak it is 
usually through the mortar joints. Irregularities 
in dimensions and shape of bricks are corrected by 
the mortar joint. 


b. Mortar Properties. Mortar should be plastic 
enough to work with a trowel. The properties of 
mortar depend largely upon the type of sand used 
in it. Clean, sharp sand produces excellent mortar. 
Too much sand in mortar will cause it to segre- 
gate, drop off the trowel, and weather poorly. 
Workability, an important requirement of mortar, 


MORTAR 


should be obtained through the proper grading of 
the sand, the use of mortar with good water reten- 
tivity, and through thorough mixing rather than 
through the use of excessive amounts of cementi- 
tious material. 


c. Water Retentivity. Loss of moisture due to 
poor water retention results in rapid loss of plas- 
ticity and may seriously reduce the effectiveness 
of the bond. As concrete masonry units should be 
kept dry until they are built into the wall, they 
should never be wetted to control suction before 
the application of mortar. 


d. Strength and Durability. The strength and 
durability requirements of a mortar depend upon 
the type of service the wall is to give. Walls sub- 
jected to severe stresses or to severe weathering 
naturally need to be laid in more durable, stronger 
mortars than walls for ordinary service. Table 7-1 
lists mortar mixes that provide adequate mortar 
strength and durability for the conditions indi- 
cated. The volumetric proportions shown may be 
converted to weight proportions by multiplying 
the unit volumes by the weight per cubic foot of 
the materials, which may be assumed to be as fol- 
lows: 


Masonry cement ______.___-_ Weight printed on bag 


Portland cement ----------- 94 |b 

Hydrated lime ...... 40 lb 

Mortar sand, damp and loose. 85 Ib (approximately) 
The section of mortar for brick construction de- 
pends on the use requirements of the structure. 
For example, the recommended mortar for use in 


--- 


laying up interior non-load-bearing partitions 
would not be satisfactory for foundation walls. In 
many cases, the builder relies upon a fixed propor- 
tion of cement, lime and sand to provide a satis- 
factory mortar. 


e. Bond. Bond is the property of a hardened 
mortar that knits the masonry units together. The 
strength of bond is affected by a number of fac- 
tors such as the kind and quantity of cementitious 
material, the workability of the mortar, the sur- 
face texture of the mortar bedding areas, the rate 
of suction of the masonry units and the quality of 
workmanship in making the joints. 


f. Types of Mortar. The following types of mor- 
tar are proportioned on a volume basis: 

(1) Type M. 1 part portland cement, 14 part 
hydrated lime or lime putty, 3 parts sand, or 1 
part portland cement, 1 part type II masonry 
cement, and 6 parts sand. This mortar is suitable 
for general use and is recommended specifically 
for masonry below grade and in contact with 
earth, such as foundations, retaining walls, and 
walks. 


Table 7-1. Recommended Mortar Mixes 
Proportions by volume. 


Mortar sand, 

in damp, 
loose 

condition 


Cement 


Type of service 


Hydrated 
lime 


FOR ORDINARY 
SERVICE. 


1—masonry 
cement* 
ог 
1—portland 
cement 


руз ска жы 214 to 3. 


Y$to 1M | 426 06. 


SUBJECT TO EX- JL ШОУ = 2238 4% to 6. 


TREMELY cement* 

HEAVY LOADS, plus 1— 

VIOLENT portland 

WINDS, EARTH- cement 

QUAKES, OR or 

SEVERE FROST | 1—portland 0 to м 214 to 3. 
ACTION. ISO- cement. 


LATED PIERS. 


*ASTM Specification C 91 Type II. 


(2) Type S. 1 part portland cement, 14 part 
hydrated lime or lime putty, 41% parts sand, or 15 
part portland cement, 1 part type II masonry 
cement and 41% parts sand. This mortar is also 
suitable for general use and is recommended 
where high resistance to lateral forces is required. 

(3) Type N. 1 part portland cement, 1 part 
hydrated lime or lime putty, 6 parts sand, or 1 
part type II masonry cement and 3 parts sand. 
This mortar is suitable for general use in exposed 
masonry above grade and is recommended specifi- 
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cally for exterior walls subjected to severe expo- 
sures as, for example, on the Atlantic Seaboard. 
(4) Type O. 1 part portland cement, 2 parts 
hydrated lime or lime putty, and 9 parts sand, or 1 
part type I or type II masonry cement and 3 parts 
sand. This mortar is recommended for load-bear- 
ing walls of solid units where the compressive 
stresses do not exceed 100 pounds per square inch 
and the masonry will not be subjected to freezing 
and thawing in the presence of excessive moisture. 


g. Storage of Mortar Materials. All mortar ma- 
terials except sand and slaked quicklime must be 
stored in a dry place. 


7-4. Mixing Mortar 


a. Machine Mixing. If а large quantity of mor- 
tar is required, it should be mixed in a drum-type 
mixer similar to those used for mixing concrete. 
The mixing time should not be less than 3 minutes. 
All dry ingredients should be placed in the mixer 
first and mixed for 1 minute before adding the 
water. 


b. Hand Mixing. Unless large amounts of mor- 
tar are required, the mortar is mixed by hand 
using a mortar box shown in figure 7-8. Care 
must be taken to mix all the ingredients thor- 
oughly to obtain a uniform mixture. Аз in ma- 
chine mixing, all dry material should be mixed 
first. A steel drum full of water should be kept 
close to the mortar box for the water supply. A 
second drum of water should be available for 
shovels and hoes when not in use. 


c. Mixing Mortar With Lime Putty. When a ma- 
chine mixer is used, the lime putty should be 
measured with a GI pail and loaded in the skip on 
top of the sand. If the mortar is to be mixed by 
hand, sand is added to the lime putty. Pails should 
be wet before mortar is placed in them and should 
be cleaned immediately after they have been emp- 
tied. 


d. Water. Water used in mixing mortar should 
meet the same requirements as water used in mix- 
ing concrete. Water containing large amounts of 
dissolved salts should not be used as they will 
cause efflorescence and weaken the mortar. 


e. Retempering Mortar. Mortar that has stiff- 
ened on the mortar board because of evaporation 
should be reworked to restore its workability by 
thorough remixing and by the addition of water as 
required. Mortar stiffened by initial setting should 
be discarded. А practical guide in determining the 
suitability of mortar, since it is difficult to deter- 
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mine the cause of stiffening, is that it should be 
used within 21% hours after original mixing when 
the air temperature is 80?F. or higher and within 
314 hours when the air temperature is below 
80?F. Mortar not used within the above limits 
should be discarded. 


f. Antifreeze Materials. The use of an admix- 
ture to lower the freezing point of mortars during 
winter construction should be avoided. The quan- 
tity of such material necessary to lower the freez- 
ing point of mortar to any appreciable degree 
would be so large that the mortar strength and 
other desirable properties would be seriously im- 
paired. If mortar freezes, it must not be used; 
freezing destroys its bonding ability. 


д. Accelerators. Calcium chloride is sometimes 
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7—5. Basic Considerations 


A scaffold is a temporary platform built for the 
support of workman and materials. Scaffolds are 
necessary after the bricklayer has completed work 
at the height he can reach by standing on the floor 
or ground. Extreme care is taken in building scaf- 
folds because workmen’s lives depend upon them. 
No scaffolding is temporarily nailed for it may be 
forgotten and never adequately nailed. When the 
scaffold planks at one level are no longer needed, 
they should be removed; falling mortar will hit 
them and splash on the wall. Rough lumber should 
be used for wood scaffolding. 


7—6. Types of Scaffolding 
Several types of scaffolds are described below. 


a. Trestle Scaffold. When construction is such 
that the brick can be laid from the inside of the 
wall, a trestle scaffold as shown in figure 7—4 may 
be used. The trestles should be from 4 to 4 feet 6 
inches high. The scaffold planks rest on the tres- 
tles and should be 2 by 10’s. After the wall has 
been built to a height of 4 or 5 feet, the trestle 
scaffold should be erected. The wall can then be 
completed to the next floor level while the brick- 
layer works from the scaffold. As soon as the 
rough flooring for the next floor is in place, the 
above procedure is repeated. The trestle should re- 
main at least 3 inches from the wall in order to 
make sure it will not push against the newly laid 
brick and force them out of line. 


b. Foot Scaffold. At times it may be necessary to 
reach higher than the trestle scaffold permits. 
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added to mortar to accelerate the rate of harden- 
ing and to increase early strengths. Not more than 
2 percent calcium chloride by weight of the port- 
land cement should be used for this purpose. Not 
more than 1 percent of calcium chloride should be 
used with masonry cements. A trial mix will indi- 
cate the percentage of calcium chloride that will 
give the desired rate of hardening of the mortar. 
High early strengths in mortars can also be ob- 
tained by the use of high-early-strength portland 
cement. 


h. Repair and Tuckpointing. The mortar mixes 
shown in table 7-1 can be used in repairing and 
tuckpointing old masonry walls. After the mortar 
has partially stiffened, the joints should be thor- 
oughly compacted by tooling. 


SCAFFOLDING 


Then a foot scaffold such as the one shown in 
figure 7-5 can be used. The 2 by 10 planks rest on 
bricks which can be supported by the trestle scaf- 
fold. This type of scaffold should not exceed 18 
inches in height. 


c. Putlog Scaffold. 


(1) When it is necessary to erect the scaffold 
from the ground to the height required, a putlog 
scaffold can be used to advantage. The uprights 
should be 4 by 4’s supported on a 2- by 12-inch 
plank 12 inches long for bearing on the soil. These 
uprights should be spaced on 8-foot centers. There 
should be 4 feet 6 inches between the wall and the 
uprights. The ledgers should be made from 1- by 
8-inch lumber nailed to the uprights, as shown in 
figure 7-6. The putlog is a 3- by 4-inch piece of 
lumber that rests on top of the ledger and against 
the upright. The other end of the 3 by 4 rests on 
the wall; a brick is omitted to provide an opening 
for it. The putlog is not fastened to the ledger. On 
top of the putlog, five 2 by 12’s are placed to form 
the scaffold platform. The planks are not nailed to 
the putlog. 

(2) The uprights must be tied to the wall by 
stays. These stays may be passed through a win- 
dow opening and fastened to the structure inside 
the building or spring stays may be used as shown 
in figure 7-6. Spring stays are made by placing 
two 2- by 6-inch boards in an opening in the wall 
formed by omitting a brick. After the boards are 
inserted into the hole, a brick is placed between 
them and forced to a position close to the wall. 
The boards are then sprung together and securely 
nailed to the ledger. 
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Trestle scaffold. 


Figure 7—4. 


putlog nailed to the ledger. Longitudinal cross 
bracing must be installed as shown in figure 7—6. 


(3) The putlog may also be used as a stay in 
which case a wooden wedge should be driven 


above the putlog and into its hole in the wall. The 


d. Outrigger Scaffold. This scaffold consists of 
2- by 10-inch planks supported on a wooden beam 


wedge should then be nailed to the putlog and the 
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Figure 7-5. Foot scaffold. 
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ELEVATION 


SINGLE-POST SCAFFOLD 


Figure 7—6. 


projecting from the building. The beam is sup- 
ported as shown in figure 7—7. If a steel outrigger 
beam is used, the beam is fastened to the form 
work of the structure by means of threaded U- 
Shaped bolts. 


e. Steel Scaffolding. When prefabricated steel 
scaffolding such as that shown in figure 7-8 is 
available, it should be used. It is more easily 
erected and dismantled and can be reused many 
times. 


7-7. Material Hoist 


a. Details. On a large number of jobs, a material 
hoist is necessary. This hoist should be con- 
structed as shown in 1, figure 7—9. It should be 
located in such a way that materials may be 
moved to it with the shortest possible haul. The 
material tower should be located far enough away 


Putlog scaffold. 


from the structure to clear any outside scaffold to 
be used. А distance of 6 feet 8 inches is enough for 
scaffolds that have a platform made up of five 2 by 
12's. Landings that extend from the material 
tower to the floors and scaffold platforms are con- 
Structed as needed. These landings should be made 
using 2- by 10- or 2- by 12-inch lumber. The tower 
Should extend to a height of at least 15 feet above 
the highest point at which a landing is needed. 
The footing for the tower should be constructed of 
two 2 by 12's, 2 feet long, placed under each of the 
posts. 


b. Elevator. The elevator for the material tower 
is shown in 2, figure 7-9. Note how the elevator 
fits into the guides fastened to the material tower. 
The rope and pulley arrangement to be used is 
given in 2, figure 7—9. If a steel tower is available, 
it should be used. Steel towers are more easily 
erected and generally safer. 
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Figure 7-7. Outrigger scaffold. 
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Figure 7-8. Steel scaffold. 
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Figure 7-9. Material tower and elevator. 
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8-1. Construction Material 


Concrete masonry has become increasingly impor- 
tant as a construction material. Important tech- 
nological developments in the manufacture and 
utilization of the units have accompanied the 
rapid increase in the use of concrete masonry. 
Concrete masonry walls properly designed and 
constructed will satisfy varied building require- 
ments including fire, safety, durability, economy, 
appearance, utility, comfort, and good acoustics. 


8-2. Concrete Masonry Units 


а. Uses. Concrete masonry units are designed 
and made for use in all types of masonry construc- 
tion. Some of the uses are: 


(1) Exterior load-bearing walls (below and 
above grade). 


(2) Interior load-bearing walls. 

(3) Fire walls, curtain walls. 

(4) Partition and panel walls. 

(5) Backing for brick, stone, and other fac- 
ings. 

(6) Fireproofing over structural members. 


(7) Firesafe walls around stair wells, eleva- 
tors and other enclosures. 


(8) Piers and columns. 
(9) Retaining walls. 
(10) Chimneys. 
(11) Concrete floor units. 
b. Types of Units. Concrete masonry building 
units are designated as: 
(1) Hollow load-bearing concrete block. 
(2) Solid load-bearing concrete block. 
(3) Hollow non-load-bearing concrete block. 
(4) Concrete building tile. 
(5) Concrete brick. 
c. Heavyweight and Lightweight Units. The 


different types of units are made with heavy- 
weight or lightweight aggregates and are referred 
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to as heavyweight and lightweight units respec- 
tively. A hollow load-bearing concrete block of 8 
х 8x 16 inches nominal size will weigh from 40 
to 50 pounds when made with heavy weight aggre- 
gate such as sand, gravel, crushed stone or air- 
cooled slag. Concrete blocks made with light- 
weight aggregate will weigh from 25 to 35 pounds 
each and are made with coal cinders, expanded 
shale, clay, slag, or natural lightweight materials 
such as volcanic cinders and pumice. Heavyweight 
and lightweight units are used for all types of 
masonry construction. The choice of units depends 
on availability and the requirements of the struc- 
ture under consideration. 


d. Solid and Hollow Units. A solid concrete 
block is defined in ASTM specifications as a unit 
in which the core area is not more than 25 percent 
of the gross cross-sectional area. Concrete blocks 
are generally solid and are sometimes available 
with a recessed pocket called a "frog". A hollow 
concrete block is a unit having a core area greater 
than 25 percent of its gross cross-sectional area. 
Generally, the core area of hollow units is 40 to 50 
percent of the gross area. 


e. Sizes and Shapes. Concrete building units are 
made in sizes and shapes to fit different construc- 
tion needs. Units are made in full and half-length 
sizes as shown in figure 8-1. Concrete unit sizes 
are usually referred to by their nominal dirnen- 
sions. A unit measuring 754 inches wide, 75% 
inches high and 1555 long is referred to as an 8 X 
8 x 16 inch unit. When it is laid in a wall with 
35-inch mortar joints, the unit will occupy a space 
exactly 16 inches long and 8 inches high. Local 
manufactures should be contacted for a schedule 
of sizes and shapes that are available. This infor- 
mation should be known prior to designing the 
proposed structure. 


f. Block Machines. Blocks are usually made in a 
power-tamping machine. Machines of this type are 
available from several manufacturers. The con- 
crete is tamped into a mold and the mold immedi- 
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(Dimensions shown are actual unit sizes. А 75” x 755'' x 1554” unit is commonly known as an 8” x 8” x 16” block.) 


Figure 8-1. Typical sizes and shapes of concrete masonry units. 


ately stripped off. In this way, blocks can be rap- 
idly made using only one mold. The mix used is 
dry enough so that the block will retain its shape. 

g. Hand Method. In this method, concrete of 
fluid consistency is placed into sets of iron molds. 
The molds are stripped after the concrete has 
hardened. By this process, dense block can be 


made with little labor. The disadvantage lies in 
the fact that a large number of molds is required. 

h. Curing. Concrete blocks are usually steam- 
cured since less time is required. Concrete blocks 
cured in wet steam at 125? F. for a period of 15 
hours will have 70 percent of their 28-day 
strength. If steam is not available, blocks may be 


cured by protecting them from the sun and keep- 
ing them damp for a period of 7 days. 

i. Exposed Blocks. Concrete blocks exposed to 
weathering should be made with concrete having 
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8-3. Modular Planning 


Concrete masonry walls should be laid out to make 
maximum use of full- and half-length units, thus 
minimizing cutting and fitting of units on the job. 
Length and height of wall, width and height of 
openings and wall areas between doors, v'indows, 
and corners should be planned to use full-size and 
half-size units which are usually available (fig. 
8-2). This procedure assumes that window and 
door frames are of modular dimensions which fit 
modular full- and half-size units. Then, all horizon- 
tal dimensions should be in multiples of nominal 
full length masonry units and both horizontal and 
vertical dimensions should be designed to be in 
multiples of 8 inches. Table 8-1 lists nominal 
length of concrete masonry walls by stretchers 
and table 8—2 lists nominal height of concrete ma- 
sonry walls by courses. When units 8 X 4x 16 are 
used, the horizontal dimensions should be planned 
in multiples of 8 inches (half-length units) and 
the vertical dimensions in multiples of 4 inches. If 
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at least six sacks of cement per cubic yard of con- 
crete. When lightweight porous aggregate is used, 
premixing with water for 2 minutes before adding 
the cement is advisable. 


CONSTRUCTION PROCEDURES 


the thickness of the wall is greater or less than the 
length of a half unit, a special length unit is re- 
quired at each corner in each course. 


8—4. Foctings 


Masonry wall footings should be placed on firm, 
undisturbed soil of adequate load-bearing capacity 
to carry the design load and they should be below 
frost penetration. Unless local requirements or 
codes stipulate otherwise, it is general practice to 
make footings for small buildings twice as wide as 
the thickness of the walls they support. Table 8—8 
lists weights and quantities of materials for con- 
crete masonry walls. The thickness of the footings 
is equal to one-half their width (fig. 8—8). 


8—5. Subsurface Drainage 


When the ground water level in the wet season can 
be expected to be at the elevation of the basement 
floor, a line of drain tile should be placed in the 
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Figure 8-2. Planning concrete masonry wall openings. 
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Table 8-1. Nominol Length of Concrete Masonry Walls by 
Stretchers 


Nominal length of concrete masonry walls 


Units 1154” long and 
half units 554” Ion 
wi with 2$" thick head 

joints. joints. 


No. of stretchers 


Units 15%” long and 
half units 75$" long 
with 34” thick head 
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6’ 0”. 
6' 6”. 
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2070" 15' 0”. 
26' 8" 20” 0". 


(Actual length of wall is measured from outside edge to outside edge of 
units and is equal to the nominal length minus 34” (one mortar joint).) 


outer side of footings. The tile line should have a 
fall of at least 14 inch in 12 feet and should drain 
to a suitable outlet. Pieces of roofing felt placed 
over the joints prevent sediment from entering 
the tile during backfilling. The tile line should be 
covered to a depth of 12 inches with a permeable 
fill of coarse gravel or crushed stone ranging from 
1 to 115 inches in size. Then the rest of the trench 
can be filled with earth from the excavation after 
the first floor is in place. 


8—6. Weathertight Walls 


а. Construction Details. Good workmanship is 
always an important factor in building weather- 
tight walls. Each masonry unit should be laid 
plumb and true. Both horizontal and vertical 
joints should be well filled and compacted by tool- 
ing when the mortar has partly stiffened. Flashing 
is necessary at vertical joints in copings and caps, 
at the joints between roofs and walls, and below 
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Table 8-2. Nominal Height of Concrete Masonry Walls 
by Courses 


Nominal height of concrete masonry walls 


p 39$" high and 
joint * thick hed joint 


No. of courses 


poe 754” high and 
^ thick bed j 


4”. 
B 
120 
14”, 
[82 
270% 
2' 4”. 
2 gu. 
3’ 0”, 
9! 4", 
5 0”. 
6' 8". 
8/4”, 
10” 0”. 
11782 
26б Еа 13’ 4”. 
зо) E 3283 15' 0*. 

E ED T6 8”. 


(For concrete mason ry units 75$" and 354” in height laid with 34” mortar 
joints. Height is measured from center to center of mortar joints.) 


cornices and other members projecting beyond the 
face of the wall. Drips should be provided for chim- 
ney caps, sills, and other projecting ledges to 
shed water away from the wall surface. Drains 
and gutters must be large enough to keep water 
from overflowing and running down over masonry 
surfaces. 


b. Exterior Masonry Joints. Concave and V- 
shaped mortar joints (fig. 8—4) are recommended 
for walls of exterior concrete masonry in prefer- 
ence to struck or raked joints that form small 
lodges which may hold water. With modular-size 


W:WALL THICKNESS 


Figure 8-3. Dimensions of masonry wall footings. 
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Table 8-3. Weights and Quantities of Materials for Concrete Masonry Walls 


For 100 sq ft of wall 


Average weight of finished wall 
Mortar** 


wall 
thickness Mortar*** 
in. Number of units | Heavyweight Lightweight cu ft cu ft 
aggregate Sain rd 


Bos Иов x К e uec M EE 4 225 8060 
(ORE oc ii CS 6 225 4550 


For 100 concrete units 
Nominal 
Actual unit sizes 
(width x height x length) 
in. 
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Table based on %-іп. mortar joints. 
“Actual weight within +7% of average weight. 
** Actual weight within +17% of average weight. 
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*** With face-shell mortar bedding. Mortar quantities include 10% allowance for waste. 
Actual weight of 100 sq ft of wall can be computed by formula W (N) + 150 (M) where: 


= actual weight of a single unit 
М = number of units for 100 aq ft of wall 
M = cu ft of mortar for 100 sq ft of wall 


masonry units mortar joints will be approxi- 
mately 34-inch thick. Experience has shown that 
this thickness of joint where properly made helps 
to produce a weathertight, neat, and durable con- 
crete masonry wall. 


8—7. Basement Walls 


a. Plaster Coat. The earth side of concrete ma- 
sonry basement walls should always be given two 
l4-inch thick coats of plaster. Either portland 
cement plaster (1—21 mix by volume) or mortar 
used in laying the block should be used for this 
purpose. In hot dry weather, the wall surface 
should be very lightly dampened with a fog spray 
of water before application of the first coat of 
plaster. The first coat of plaster is roughened after 
it has partly hardened to provide a bond for the 
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Figure 8-4. Tooled mortar joints for weathertight 
construction. 


second coat, and allowed to harden 24 hours before 
the second coat is applied. The first coat is damp- 
ened lightly just before the second coat is applied 
and the second coat should be kept damp for at 
least 48 hours after application. In very wet soils 
plastered surfaces below grade are frequently 
given two continuous coatings of bituminous ma- 
terial brushed on over a suitable priming coat. 
The plaster must be dry when the primer is ap- 
plied to it and the primer coat must be dry when 
the bituminous material is applied. No backfilling 
against concrete masonry walls should be permit- 
ted until the first floor is in place. 


b. Supporting Floor and Roof Loads. Masonry 
courses which support floor beams or floor slabs 
should be of solid masonry. This helps to distrib- 
ute the loads over the wall and provides a barrier 
against termites. Such courses can be constructed 
by filling the cores of hollow block with concrete 
or mortar or by using solid masonry units without 
cores. Strips of expanded metal lath, laid in the 
bed joint below, support the concrete or mortar 
filling in the cores. 


8-8. Concrete Masonry Walls 


a. First Course. After locating the corners of 
the wall, the mason usually checks the layout by 
stringing out the blocks for the first course with- 
out mortar (1, fig. 8-5). A chalked snapline is 
useful to mark the footing and aline the block 
accurately. A full bed of mortar is then spread 
and furrowed with the trowel to insure plenty of 
mortar along the bottom edges of the face shells of 
the block for the first course (2, fig. 8-5). The 
corner block should be laid first and carefully posi- 
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4 Blocks buttered for vertical joints 


5 Positioning block 


3 Position corner block 


Figure 8-5. First course of blocks. | 


tioned (8, fig. 8-5). All blocks should be laid with 
the thicker end of the face shell up to provide a 
larger mortar-bedding area (4, fig. 8-5). Mortar is 
applied only to the ends of the face shells for vert- 
ical joints. Several blocks can be placed on end and 
the mortar applied to the vertical face shells in 
one operation. Each block is then brought over its 
final position and pushed downward into the mor- 
tar bed and against the previously laid block to 
obtain a well-filled vertical mortar joint (5, fig. 
8—5). After three or four blocks have been laid, 
the mason's level is used as a straightedge to as- 
sure correct alinement of the blocks. Then the 
blocks are carefully checked with the level and 
brought to proper grade and made plumb by tap- 
ping with the trowel handle (1 and 2, fig. 8—6). 


2 Plumbing block 


Figure 8-6. Checki.g first course of blocks. 
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The first course of concrete masonry should be 
laid with great care, to make sure it is properly 
alined, leveled, and plumbed, and to assure that 
succeeding courses, and finally the wall, are 
straight and true. 


b. Laying Up the Corners. After the first course 
is laid, mortar is applied only to the horizontal 
face shells of the block (faceshell mortar bed- 
ding). Mortar for the vertical joints may be ap- 
plied to the vertical face shells of the biock to be 
placed or to the block previously laid or both, to 
insure well-filled joints (fig. 8-7). The corners of 
the wall are built first, usually four or five courses 
higher than the center of the wall. As each course 
is laid at the corner, it is checked with a level for 
alinement (1, fig. 8-8), for level (2, fig. 8-8), and 
plumb (3, fig. 8-8). Each block is carefully 
checked with a level or straightedge to make cer- 
tain that the faces of the block are all in the same 
plane to insure true, straight walls. The use of a 
Story or course-pole, a board with markings 8 
inches apart, provides an accurate method of de- 
termining the top of the masonry for each course 
(fig. 8-9). Joints are 34-inch thick. Each course, 
in building the corners, is stepped back a half 
block and the mason checks the horizontal spacing 
of the block by placing his level diagonally across 
the corners of the block (fig. 8—10). 


c. Laying Block Between Corners. When filling 
in the wall between the corners, a mason's line is 
stretched from corner to corner for each course 
and the top outside edge of each block is laid to 
this line. The manner of gripping the bock is 


Figure 8-7. Vertical joints. 
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Figure 8-8. 


1 Aligning 


3 Plumbing 


Checking each course. 


Figure 8—9. Use of story or course pole. 


Figure 8—10. Checking horizontal spacing of blocks. 


important. It should be tipped slightly towards the 
mason so he can see the edge of the course below, 
enabling him to place the lower edge of the lock 
directly over the course below (fig. 8-11). АП ad- 
justments to final position must be made while the 
mortar is soft and plastic. Any adjustments made 
after the mortar has stiffened will break the mor- 
tar bond and allow the penetration of water. Each 


block is leveled and alined to the mason's line by 
tapping lightly with the trowel handle. The use of 
the mason's level between corners is limited to 
checking the face of each block to keep it lined up 
with the face of the wall. 


d. Mortar. To assure good bond, mortar should 
not be spread too far ahead of actual laying of the 
block or it will stiffen and lose its plasticity. As 
each block is laid, excess mortar extruding from 
the joints is cut off with the trowel (fig. 8-12) and 
is thrown back on the mortar board to be re- 
worked into the fresh mortar. Dead mortar that 
has been picked up from the scaffold or from the 
floor should not be used. 


e. Closure Block. When installing the closure 
block, all edges of the opening and all four vertical 
edges of the closure block are buttered with mor- 
tar and the closure block is carefully lowered into 
place (fig. 8-18). If any of the mortar falls out 
leaving an open joint, the block should be removed 
and the procedure repeated. 


f. Tooling. Weathertight joints and neat appear- 
ance of concrete block walls are dependent on 
proper tooling. The mortar joints should be tooled 
after a section of the wall has been laid and the 
mortar has become “thumb-print” hard. Tooling 
(fig. 8-14) compacts the mortar and forces it 
tightly against the masonry on each side of the 
joint. All joints should be tooled either concave or 
V-shaped. Horizontal joints (1, fig. 8-14) should 
be tooled first, followed by striking the vertical 
joints with a small S-shaped jointer (2, fig. 8-14). 
Mortar burrs remaining after tooling is completed 
should be trimmed off flush with tne face of the 
wall with a trowel or removed by rubbing with a 
burlap bag. 


Figure 8-11. Adjusting block between corners. 
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Figure 8—12. Cutting off excess mortar. 


g. Anchor Bolts. Wood plates are fastened to 
tops of concrete masonry walls by anchor bolts 1% 
inch in diameter, 18 inches long and spaced not 
more than 4 feet apart. The bolts are placed in 
cores of the top two courses of block with the 
cores filled with concrete or mortar. Pieces of 
metal lath placed in the second horizontal mortar 
joint from the top of the wall and under the cores 
to be filled (1, fig. 8-15) will hold the concrete or 
mortar filling in place. The threaded end of the 
bolt should extend above the top of the wall, (2, 
fig. 8-15). 


h. Control Joints. Control joints are continuous 
vertical joints built into concrete masonry walls to 
control cracking resulting from unusual stresses. 
The joints are intended to permit slight wall 
movement without cracking. Control joints should 
be laid up in mortar just as any other joint. Full- 
and half-length block are used to form a continu- 
ous vertical joint (1, fig. 8-16). If they are ex- 
posed to the weather or to view, they should be 
calked. After the mortar is quite stiff, it should be 


Figure 8-18. Installing closure block. 
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bearing walls should not be tied together in a ma- 
sonry bond, except at the corners. Instead, one 
wall should terminate at the face of the other wall 
with a control joint at the point. Bearing walls are 
tied together with a metal tiebar 14 X 114 x 28 
inches, with 2-inch right angle bends on each end 
(1, fig. 8-18). Tiebars are spaced not over 4 feet 
apart vertically. Bends at the ends of the tiebars 
are embedded in cores filled with mortar or con- 
crete (2, fig. 8-18). Pieces of metal lath placed 
under the cores support the concrete or mortar 
filling (1, fig. 8-15). 


b. Nonbearing Walls. To tie nonbearing block 
walls to other walls, strips of metal lath or 14-inch 


2 Striking vertical joints 


Figure 8-14. Tooling mortar joints. 


raked out to a depth of about 34 inch to provide a 
recess for the calking material (2, fig. 8-16). А 
thin, flat calking trowel is used to force the calk- 
ing compound into the joint. Another type of con- 
trol joint can be constructed with building paper 
or roofing felt inserted in the end core of the block 
and extending the full height of the control joint 
(fig. 8-17). The paper or felt, cut to convenient 
lengths and wide enough to extend across the 
joint, prevents the mortar from bonding on one 
side of the joint. Sometimes control joint blocks 
are used if available. 


ч “sa 
"m 
8-9. Intersecting Walls 


a. Bearing Walls. Intersecting concrete block Figure 8-15. Installing anchor bolts on top of wall. | 


2 Setting anchor bolt 


mesh galvanized hardware cloth are placed across 
the joint between the two walls (1, fig. 8-19), in 
alternate courses in the wall. When one wall is 
constructed first, the metal strips are built into the 
wall and later tied into the mortar joint of the 
second wall (2, fig. 8-19). Control ioints are con- 
structed where the two walls meet. 


8—10. Lintels and Sills 


а. Lintels. Precast concrete lintels are often 
used over door and window openings (1, fig. 
8-20). Precast concrete lintels are designed with 
an offset on the underside (2, fig. 8-20) for modu- 
lar window and door openings. Steel lintel angles 
are also used for lintels to support block over 
openings. They must be installed with an offset on 


2 Raking mortar from joint 


Figure 8-16. Control joint. 
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Figure 8-17. Paper or felt used for control joints. 


the underside (3, fig. 8-20) to fit modular open- 
ings. A non-corroding metal plate placed under 
the ends of lintels where control joints occur, will 
permit lintels to slip and the control joints to 
function properly. A full bed of mortar should be 
placed over this metal plate to distribute the lintel 
load uniformly. 


b. Sills. Precast concrete sills are usually in- 
stalled after the masonry walls have been built 
(fig. 8-21). Joints at the ends of the sills should be 
tightly filled with mortar or with a calking com- 
pound. 


8-11. Patching and Cleaning Block Walls 


а. Patching. Any patching of the mortar joints 
or filling of holes left by nails or line pins should 
be done with fresh mortar. 


b. Cleaning. Hardened, embedded mortar 
smears, cannot be removed and paint cannot be 
depended on to hide smears, so particular care 
should be taken to prevent smearing mortar into 
the surface of the block. Concrete block walls 
should not be cleaned with an acid wash to remove 
smears or mortar droppings. Mortar droppings 
that stick to the block wall should be allowed to 
dry before removal with a trowel (1, fig. 8-22). 
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1 Tiebar 


2 Filing core with mortar 


Figure 8-18. Tieing intersecting bearing walls. 


Most of the mortar can be removed by rubbing 
with a small piece of concrete (broken) block 
after the mortar is dry and hard (2, fig. 8-22). 
Brushing the rubbed spots will remove practically 
all of the mortar (3, fig. 8-22). 


8-12. Duties of Concrete Mason and Helper 


a. Mason. 'The mason is responsible for laying 
out the job so that the finished masonry will be 
properly done. If the construction involves walls, 
he must see that the walls are plumb and the 
courses are level. He is responsible for all the de- 
tail work such as cutting and fitting of masonry 
units, joints, and installation of anchor bolts and 
ties for intersecting walls. 


b. Mason's Helper. The mason's helper mixes 
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mortar and carries concrete blocks and mortar to 
the mason as rapidly as these materials are re- 
quired. He assists the mason in the layout of the 
job and at times he may lay out block on an adja- 
cent course to expedite the mason's work. He 
keeps the mortar tempered as required. 


1 Use of metal lath 


2 Mortar joint between walls 


Figure 8-19. Tieing intersecting nonbearing walls. 
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Figure 8—21. Installing precast concrete sills. 


1 Precast concrete lintel 
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1 Removing mortar with trowel 


Figure 8-22. Patching and cleaning concrete block. 
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8 Steel angles for lintel 2 Using piece of broken block 


Figure 8-20. Installing precast lintels. Figure 8-22.— Continued. 
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8 Brushing 


Figure 8—22.—Continued. 


Section 111. RUBBLE STONE MASONRY 


8-13. Uses 


Rubble stone masonry such as that shown in figure 
8-23 is used for walls both above and below 
ground and for bridge abutments. In military con- 
struction it is used when form lumber or masonry 
units are not available. Rubble masonry may be 
laid up with or without mortar; if strength and 
stability are desired, mortar must be used. 


8-14. Types 


a. Random Rubble. This is the crudest of all types 
of stonework. Little attention is paid to laying the 
Stone in courses (i, fig. 8-23). Each layer must 
contain bonding stones that extend through the 
wall (fig. 8-24). This produces a wall that is well 
tied together. The bed joints should be horizontal 
for stability but the “builds” or head joints may 
run in any direction. 


b. Coursed. Rubble. Coursed rubble is assembled 
of roughly squared stones in such а manner as to 
produce approximately continuous horizontal bec 
joints (2, fig. 8—28). 


8—15. Materials for Use in Random 
Rubble Stone Masonry 


a. Stone. The stone for use in random rubble 2 Coursed rubble masonry 
stone masonry should be strong, durable, and Figure 8-28. Rubble stone masonry. 


BOND HEADER 


Figure 8-24. Rubble stone masonry wall showing bonding 
stone. 


cheap. Durability and strength depend upon the 
chemical composition and physical structure of the 
stone. Some of the more commonly found stones 
that are suitable are limestone, sandstone, granite, 
and slate. Unsquared stones obtained from nearby 
ledges or quarries or even field stones may be 
used. The size of the stone should be such that two 
men can easily handle it. А variety of sizes is nec- 
essary in order to avoid using large quantities of 
mortar. 


b. Mortar. 'The mortar for use in random rubble 
masonry may be composed of portland cement and 
sand in the proportions of one part cement to 
three parts sand by volume. Such mortar shrinks 
excessively and does not work well with the 
trowel. A better mortar to use is portland-cement- 
lime mortar (table 7-1). Mortar made with ordi- 
nary portland cement will stain most types of 
Stone. If staining must be prevented, nonstaining 
white portland cement should be used in making 
the mortar. Lime does not usually stain the stone. 


8-16. Laying Rubble Stone Masonry 


Workmanship in laying stone masonry affects the 
economy, durability, and strength of the wall more 
than any other factor. 


“а. Rules for Laying. 


(1) Each stone should be laid on its broadest 
face. 

(2) If appearance is to be considered, the 
larger stones should be placed in the lower 
courses. The size of the stones should gradually 
diminish toward the top of the wall. 
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(3) Porous stones should be moistened before 
being placed in mortar in order to prevent the 
stone from absorbing water from the mortar and 
thereby weakening the bond between the stone 
and the mortar. 


(4) The spaces between adjoining stones 
should be as small as practicable and these spaces 
should be completely filled with mortar and 
smaller stones. 


(5) If necessary to remove a stone after it 
has been placed upon the mortar bed, it should be 
lifted clear and reset. 


b. Footing. The footing is larger than the wall 
itself. The largest stones should be used in it to 
give the greatest strength and lessen the danger of 
unequal settlement. The footing stones should be 
as long as the footing is wide, if possible. The 
footing stones should be laid in a mortar bed about 
2 inches deep and all space between the stones 
filled with mortar and smaller stones. 


c. Bed Joint. The thickness of the bed joint will 
vary, depending upon the stone used. In making 
the bed joint, enough mortar should be spread on 
the stone below the one being placed to fill the 
space between the two stones completely. Care 
must be taken not to spread the mortar too far 
ahead of the stonelaying. 


d. Head Joint or Builds. The head joint is made 
after three or four stones have been laid. This is 
done by slushing the small spaces with mortar and 
filling the larger spaces with small stones and 
mortar. The head joints should be formed before 
the mortar in the bed joint has set up. 


e. Bonding. Bond stones should occur at least 
once in each 6 to 10 square feet of wall. These 
stones pass all the way through the wall as shown 
in figure 8-24. Each head joint should be offset 
from adjacent head joints above and below it as 
much as possible (1, fig. 8-23) to bond the wall 
together and make it stronger. 


f. Laying the Wall. 
(1) If the wall need not be exactly plumb and 
true to line. the level and line will not be used and 


the wall will be laid by eye. Frequent sighting is 
necessary. 


(2) If the wall must be exactly plumb and 
erected to line, corner posts of wood should be 
erected to serve the purpose of corner leads and 
the stone laid with a line. No particular attention 
is paid to laying the stone in level courses. Some 
parts of the stone will be farther away from the 
line than other parts. 


CHAPTER 9 


BRICK AND TILE MASONRY 


Section l. 


9—1. Terminology 


a. Definition. Brick masonry is that type of con- 
struction in which units of baked clay or shale of 
uniform size, small enough to be placed with one 
hand, are laid in courses with mortar joints to 
form walls of virtually unlimited length and 
height. Brick are kiln-baked from various clay and 
shale mixtures. The chemical and physical charac- 
teristics of the ingredients vary considerably; 
these and the kiln temperatures combine to pro- 
duce brick in a variety of colors and hardnesses. 
In some regions, pits are opened and found to 
yield clay or shale which, when ground and mois- 
tened, can be formed and baked into durable 
brick; in other regions, clays or shales from sev- | 
eral pits must be mixed. 


b. Brick Sizes. Standard bricks manufactured in 
the United States are 214 by 334 by 8 inches. Eng- 
lish bricks are 3 by 414 by 9 inches, Roman bricks 
are 115 by 4 by 12 inches, and Norman bricks are 
234, by 4 by 12 inches. The actual dimensions of 
brick vary a little because of shrinkage during 
burning. 


c. Cut Brick. Frequently the bricklayer cuts the 
brick into various shapes. The more common of 
these are shown in figure 9-1. They are called half 
or bat, three-quarter closure, quarter closure, king 
closure, queen closure, and split. They are used to 
fill in the spaces at corners and such other places 
where a full brick will not fit. 


d. Names of Brick Surfaces. The six surfaces of 
a brick are called the face, the side, the cull, the 
end, and the beds, as shown in figure 9-2. 


e. Brick Classification. There are three general 
types of structural clay masonry units: solid ma- 
sonry units, hollow masonry units and architec- 
tural terra cotta. These units may serve a struc- 
tural function only, as a decorative finish, or a 
combination of both. Structural clay products in- 
clude brick, hollow tile of all types and architec- 
tural terra cotta. They do not include thin wall 
tile, sewer pipe, flue linings, drain tile and the like. 
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HALF OR BAT THREE-QUARTER CLOSURES 


QUEEN CLOSURE SPLIT 


KING CLOSURE 


Figure 9-1. Shapes of cut brick. 


f. Types of Bricks. There are many types of 
brick. Some are different in formation and compo- 
sition while others vary according to their use. 
Some commonly used types of bricks are: 

(1) Building brick. The term building brick, 
formerly called common brick, is applied to brick 
made of ordinarv clays or shales and burned in the 
usual manner in the kilns. These bricks do not 
have special scorings or markings and are not pro- 
duced in any special color or surface texture. 
Building brick is also known as hard and kiln run 
brick. It is used generally for the backing courses 
in solid or cavity brick walls. The harder and more 
durable kinds are preferred for this purpose. 


BED SIDE 


END 


FACE 


Figure 9-2. Names of brick surfaces. 
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(2) Face brick. Face brick are used in the 
exposed face of a wall and are higher quality units 
than backup brick. They have better durability 
and appearance. The most common colors of face 
brick are various shades of brown, red, gray, yel- 
low, and white. 


(3) Clinker brick. When bricks are over- 
burned in the kilns, they are called clinker brick. 
This type of brick is usually hard and durable and 
may be irregular in shape. Rough hard corre- 
sponds to the clinker classification. 


(4) Pressed brick. The dry press process is 
used to make this class of brick which has regular 
smooth faces, sharp edges, and perfectly square 
corners. Ordinarily all press brick are used as face 
brick. 

(5) Glazed. brick. This type of brick has one 
surface of each brick glazed in white or other 
color. The ceramic glazing consists of mineral in- 
gredients which fuse together in a glass-like coat- 
ing during burning. This type of brick is particu- 
larly suited for walls or partitions in hospitals, 
dairies, laboratories or other buildings where 
cleanliness and ease of cleaning is necessary. 


(6) Fire brick. This type of brick is made of 
a special type of fire clay which will withstand the 
high temperatures of fireplaces, boilers and simi- 
lar usages without cracking or decomposing. Fire 
brick is generally larger than regular structural 
brick and often it is hand molded. 


(T) Cored brick. Cored brick are brick made 
with two rows of five holes extending through 
their beds to reduce weight. There is no significant 
difference between the strength of walls con- 
structed with cored brick and those constructed 
with solid brick. Resistance to moisture penetra- 
tion is about the same for both types of walls. The 
most easily available brick that will meet require- 
ments should be used whether the brick is cored or 
solid. 

(8) European brick. The strength and dura- 
bility of most European clay brick, particularly 
English and Dutch, compares favorably with the 
clay brick made in the United States. 

(9) Sand-lime brick. Sand-lime bricks are 
made from a lean mixture of slaked lime and fine 
silicious sand molded under mechanical pressure 
and hardened under steam pressure. They are 
used extensively in Germany. 


9—2. Strength of Brick Masonry 


a. The principal factors governing the strength 
of brick masonry are: 


(1) Strength of the brick. 
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(2) Strength and elasticity of the mortar. 
(3) Workmanship of the bricklayer. 

(4) Uniformity of the brick used. 

(5) Method used in laying the brick. 


b. The strength of an individual brick varies 
widely, depending upon the material and manufac- 
turing method. Brick with ultimate compressive 
strengths as low as 1,600 pounds per square inch 
have been made, whereas some well-burned bricks 
have compressive strengths exceeding 15,000 
pounds per square inch. 


c. The strength of portland-cement-lime mortar 
is normally higher than the strength of the brick. 
Because of this, the strength of brick masonry laid 
in cement-lime mortar is higher than the strength 
of the individual brick. The use of plain lime mor- 
tar reduces the load-carrying capacity of a wall or 
columr to considerably less than half the load- 
carrying capacity of the same type construction in 
which portland-cement-lime mortar has been used. 
The compressive working strength of a brick wall 
or column that has been laid up with cement-lime 
mortar is normally from 500 to 600 pounds per 
square inch. 


d. High suction brick, if laid dry, will absorb 
water from the mortar before the bond has devel- 
oped and, for this reason, such brick must be thor- 
oughly wetted before laying to obtain good mason- 
ry construction. In wetting brick, sprinkling is not 
sufficient. A hose stream should be played on the 
pile until water runs from all sides, after which 
the brick should be allowed to surface dry before 
they are laid. Water on the surface of the brick 
will cause floating on the mortar bed. A rough but 
effective on-the-job test for determining whether 
the brick should be wet before laying is to sprinkle 
a few drops of water on the flat side of the brick. 
If these drops of water are absorbed completely in 
less than 1 minute, the brick should be wet when 
laid. 


9-3. Resistance to Weathering 


a. The resistance of masonry walls to weather- 
ing depends almost entirely upon their resistance 
to water penetration because freezing and thaw- 
ing action is virtually the only type of weathering 
that affects brick masonry. With the best work- 
manship, it is possible to build brick walls that will 
resist the penetration of rain water during a 
storm lasting as long as 24 hours accompanied by 
а 50- to 60-mile-per-hour wind. In most construc- 
tion, it is unreasonable to expect the type of work- 
manship required to build a wall that will allow no 


water pentration. It is advisable to provide some 
means of taking care of moisture after it has pene- 
trated the brick masonry. Properly designed flash- 
ing and cavity walls are two ways of handling 
moisture that has entered the wall. 


b. Important factors in preventing the entrance 
of water are tooled mortar joints and caulking 
around windows and door frames. 


c. The joints between the brick must be solidly 
filled, especially in the face tier. Slushing or grout- 
ing the joints after the brick has been laid does 
not completely fill the joint. The mortar joint 
should be tooled to a concave surface before the 
mortar has had a chance to set up. In tooling, 
sufficient force should be used to press the mortar 
tight against the brick on both sides of the mortar 
joint. 

d. Mortar joints that are tightly bonded to the 
brick have been shown to have greater resistance 
to moisture penetration than joints not tightly 
bonded to the brick. 


9—4. Fire Resistance 


Fire-resistance tests conducted upon brick walls 
laid up with portland-cement-lime mortar have 
made it possible to give fire-resistance periods for 
various thicknesses of brick walls. А summary is 
given in table 9-1. The tests were made using the 
American Society for Testing Materials standard 
method for conducting fire tests. 


9—5. General characteristics of Brick Masonry 


a. Heat-Insulating Properties. Solid brick ma- 
sonry walls provide very little insulation against 
heat and cold. А cavity wall or a brick wall backed 
with hollow clay tile has much better insulating 
value. 


Table 9-1. 


Normal wall thickness 
Type of wall 
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b. Sound-Insulating Properties. Because brick 
walls are exceptionally massive, they have good 
sound-insulating properties. In general, the heav- 
ier the wall, the better will be its sound-insulating 
value; however, there is no appreciable increase 
in sound insulation by a wall more than 12 inches 
thick as compared to a wall between 10 and 12 
inches thick. The expense involved in constructing 
a thicker wall merely to take advantage of the 
slight increase is too great to be worthwhile. Div- 
iding the wall into two or more layers, as in the 
case of a cavity wall, will increase its resistance to 
the transmission of sound from one side of the 
wall to the other. Brick walls are poor absorbers 
of sound originating within the walls and reflect 
much of it back into the structure. Sounds caused 
by impact, as when the wall is struck with a ham- 
mer, will travel a great distance along the wall. 


c. Expansion and Construction. Brick masonry 
expands and contracts with temperature change. 
Walls up to a length of 200 feet do not need expan- 
sion joints. Longer walls need an expansion joint 
for every 200 feet of wall. The joint can be made 
as shown in figure 4—26. A considerable amount of 
the expansion and contraction is taken up in the 
wall itself. For this reason, the amount of move- 
ment that theoretically takes place does not 
actually occur. 


d. Abrasion Resistance. The resistance of brick 
to abrasion depends largely upon its compressive 
strength, related to the degree of burning. Well- 
burned brick have excellent wearing quantities. 


e. Weight of Brick. The weight of brick varies 
from 100 to 150 pounds per cubic foot depending 
upon the nature of the materials used in making 
the brick and the degree of burning. Well-burned 
brick are heavier than under-burned brick. 


Fire Resistance of Brick Load-Bearing Walls Laid with Portland Cement Mortar 


Ultimate fire-resistance period. Incombustible 
members framed into wall or 
not framed in members 


Material 


No plaster Plaster on Plaster on 
(hours) one side” two sides* 
(hours) 


Clay or shale a a _________ 


Clay от shale. S oa fi 
Clay or shales m 12 
Clay or shale =e aaan 4 
Clay or shale...............- 1 
Clayton shale сезе етенсе 1 
Бапа-Ппе м ee 3 
Бапа Ие 2-а. 9 
Sand-lime сен ase 2 


*Not leas than.}4 inch of 1:3 sanded gypsum plaster is required to develop these ratings. 
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Section II. 


9—6. Fundamentals 


Good bricklaying procedure depends on good 
workmanship and efficiency. Means of obtaining 
good workmanship are treated below. Efficiency 
involves doing the work with the fewest possible 
motions. The bricklayer studies his own opera- 
tions to determine those motions that are unneces- 
sary. Each motion should have a purpose and 
should accomplish a definite result. After learn- 
ning the fundamentals, every bricklayer develops 
his own methods for achieving maximum 
efficiency. The work must be arranged in such a 
way that the brickiayer is continually supplied 
with brick and mortar. The scaffolding required 
must be planned before the work begins. It must 
be built in such а way as to cause the least inter- 
ference with other workmen. Masons’ tools and 
equipment which are generally the same or similar 
to those used in bricklaying are discussed in para- 
graphs 7-1 and 7-2. 


9—7. Types of Bonds 


The word bond, when used in reference to ma- 
sonry, may have three different meanings: 
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BRICKLAYING METHODS 


a. Structural Bond. Structural bond is the 
method by which individual masonry units are in- 
terlocked or tied together to cause the entire as- 
sembly to act as a single structural unit. Struc- 
tural bonding of brick and tile walls may be 
accomplished in three ways. First, by overlapping 
(interlocking) the masonry units, second by the 
use of metal ties imbedded in connecting joints, 
and third by the adhesion of grout to adjacent 
wythes of masonry. 


b. Mortar Bond. Mortar bond is the adhesion 
of the joint mortar to the masonry units or to the 
reinforcing steel. 


c. Pattern Bond. Pattern bond is the pattern 
formed by the masonry units and the mortar 
joints on the face of a wall. The pattern may re- 
sult from the type of structural bond used or may 
be purely a decorative one in no way related to the 
structural bond. There are five basic pattern bonds 
in common use today (fig. 9-3): running bond, 
common or American bond, Flemish bond, English 
bond, and block or stack bond. 


(1) Running bond. This is the simplest of the 
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Figure 9-8. Some types of brick masonry bond. 
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basic pattern bonds, the running bond consists of 
all stretchers. Since there are no headers used in 
this bond, metal ties are usually used. Running 
bond is used largely in cavity wall construction 
and veneered walls of brick, and often in facing 
tile walls where the bonding may be accomplished 
by extra width stretcher tile. 

(2) Common or American bond. Common 
bond is a variation of running bond with a course 
of full iength headers at regular intervals. These 
headers provide structural bonding as well as pat- 
tern. Header courses usually appear at every fifth, 
sixth, or seventh course depending on the struc- 


tural bonding requirements. In laying out any: 


bond pattern it is very important that the corners 
be started correctly. For common bond, a “three- 
quarter" brick must start each header course at 
the corner. Common bond may be varied by using 
a Flemish header course. 

(3) Flemish bond. Each course of brick is 
made up of alternate stretchers and headers, with 
the headers in alternate courses centered over the 
stretchers in the intervening courses. Where the 
headers are not used for the structural bonding, 
they may be obtained by using half brick, called 
"blind-headers." There are two methods used in 
starting the corners. Figure 9—8 shows the so 


3 
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BULL STRETCHER 
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called “Dutch” corner in which a three-quarter 
brick is used to start each course and the ‘“Eng- 
lish” corner in which 2 inch or quarter-brick clo- 
sures must be used. 

(4) English bond. English bond is composed 
of alternate courses of headers and stretchers. The 
headers are centered on the stretchers and joints 
between stretchers in all courses line up vertically. 
Blind headers are used in courses which are not 
structural bonding courses. 


(5) Block or stack bond. Stack bond is purely 
a pattern bond. There is no overlapping of the 
units, all vertical joints being alined. Usually this 
pattern is bonded to the backing with rigid steel 
ties, but when 8 inch thick stretcher units are 
available, they may be used. In large wall areas 
and in load-bearing construction, it is advisable to 
reinforce the wall with steel pencil rods placed in 
the horizontal mortar joints. The vertical aline- 
ment requires dimensionally accurate units, or 
carefully prematched units, for each vertical joint 
alinement. Variety in pattern may be achieved by 
numerous combinations and modifications of the 
basic p .tterns shown. 


(6) English cross or Dutch bond. This bond is 
a variation of English bond and differs only in 
that vertical joints between the stretchers in alter- 
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Figure 9-4. Masonry units and mortar joints. 
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nate courses do not line up vertically. These joints 
center on the stretchers themselves in the courses 
above and below. 


d. Masonry Terms. Specific terms are used to 
deseribe the various positions of masonry units 
and mortar joints in a wall (fig. 9—4): 

(1) Course. One of the continuous horizontal 
layers (or rows) of masonry which, bonded to- 
gether, form the masonry structure. 

(2) Wythe. A continuous vertical 4-inch or 
greater section or thickness of masonry as the 
thickness of masonry separating flues in a chim- 
ney. 

(8) Stretcher. A masonry unit laid flat with 
its longest dimension parallel to the face of the 
wall. 

(4) Header. A masonry unit laid flat with its 
longest dimension perpendicular to the face of the 
wall. It is generally used to tie two wythes of ma- 
sonry together. 

(5) Rowlock. A brick laid on its edge (face). 

(6) Bull-Stretcher. A rowlock brick laid with 
its longest dimension parallel to the face of the 
wall. 

(7) Bull-Header. A rowlock brick laid with 
its longest dimension perpendicular to the face of 
the wall. 

(8) Soldier. A brick laid on its end so that its 
longest dimension is parallel to the vertical axis of 
the face of the wall. 


e. Metal Ties. Metal ties can be used to tie the 


aid 
peg 


Figure 9-5. Metal ties. 
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brick on the outside face of the wall to the backing 
courses. These are used when no header courses 
are installed. They are not as satisfactory as 
header courses. Typical metal ties are shown in 
figure 9-5. 

f. Flashing. Flashing is installed in masonry 
construction to divert moisture, which may enter 
the masonry at vulnerable spots, to the outside. 
Flashing should be provided under horizontal ma- 
gonry surfaces such as sills and copings, at in- 
tersections of masonry walls with horizontal sur- 
faces such as roof and parapet or roof and chim- 
ney, over heads of openings such as doors and 
windows, and frequently at floor lines, depending 
upon the type of construction. To be most effec- 
tive, the flashing should extend through the outer 
face of the wall and be turned down to form a 
drop. Weep holes should be provided at intervals 
of 18 inches to 2 feet to permit the water which 
accumulates on the flashing to drain to the out- 
side. If, because of appearance, it is necessary to 
stop the flashing back of the face of the wall, weep 
holes are even more important than when the flash- 
ing extends through the wall. Concealed flashing 
with tooled mortar joints frequently will retain 
water in the wall for long periods and, by concen- 
trating moisture at one spot, may do more harm 
than good. 


9-8. Mortar Joints and Pointing 


a. Holding the Trowel. The trowel should be 
held firmly in the position shown in figure 9—6. 
The thumb should rest on top of the handle and 
should not encircle it. 

b. Picking up Mortar. A right-handed brick- 
layer picks up mortar with the left edge of the 
trowel from the outside of the pile (1, fig. 9-7). 
He picks up the correct amount of spread for one 


Correct way to hold a trowel. 


Figure 9-6. 


to five bricks, according to the wall space and his 
skill. A pickup for one brick forms a small win- 
drow along the left edge of the trowel. А pickup 
for five bricks is a full load for a large trowel (2, 
fig. 9-7). 


c. Spreading Mortar. Holding the trowel with 
its left edge directly over the centerline of the 
previous course, the bricklayer tilts the trowel 
slightly and moves it to the right, dropping a win- 
drow of mortar along the wall unit until the trowel 
is empty (3, fig. 9-7). In some instances mortar 
will be left on the trowel when the spreading of 
mortar on the course below has been completed. 
When this occurs the remaining mortar is returned 
to the board. A right- handed bricklayer works 
from left to right along the wall. 


d. Cutting Off Mortar. Mortar projecting be- 
yond the wall line is cut off with the trowel edge 
(step 1, fig 9-8) and thrown back on the mortar 
board, but enough is retained to “butter” the left 
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end of the first brick to be laid in the fresh mor- 
{ат. 


е. Бей Joint. With the mortar spread about 1 
inch thick for the bed joint as shown in step 1, 
figure 9-8, а shallow furrow is made (step 2, 
figure 9-8) and the brick pushed into the mortar 
(step 3, figure 9-8). If the furrow is too deep, there 
will be a gap left between the mortar and the 
brick bedded in the mortar. This gap will reduce 
the resistance of the wall to water penetration. 
The mortar for a bed joint should not be spread 
out too far in advance of the laying. A distance of 
4 or 5 bricks is advisable. Mortar that has been 
spread out too far will dry out before the brick is 
bedded in it. This results in а poor bond as can be 
seen by figure 9-9. The mortar must be soft and 
plastic so that the brick can be easily bedded in it. 


f. Head Joint. 'The next step after the bed joint 
mortar has been spread is the laying of the brick. 
The brick to be laid is picked up as shown in figure 


2 Trowel full of mortar 


t Mortar spread for a distance of З to 5 brick 


Figure 9-7. Picking up and spreading mortar. 
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ail 


Figure 9-9. А poorly bonded brick. 


9-10 with the thumb on one side of the brick and 
the fingers on the other. As much mortar as will 
stick is placed on the end of the brick. The brick 
should then be pushed into place so that excess 
mortar squeezes out at the head joint and at the 
sides of the wall as indicated in figure 9-11. The 
head joint must be completely filled with mortar. 
This can only be done by placing plenty of mortar 
on the end of the brick. After the brick is bedded, 
the excess mortar is cut off and used for the next 
end joint. Surplus mortar should be thrown to the 
back of the mortar board for retempering if neces- 
sary. The proper position of the brick is deter- 
mined by the use of a cord which can be seen in 
step 1, figure 9-14. 


Step 3 


Figure 9-8. Bed joint and furrow. Figure 9-10. Proper way to hold a brick. 


Ёш Cp weed 


Figure 9-11. Head joint in а stretcher course. 


g. Method of Inserting Brick in Wall. The 
method of inserting a brick in a space left in a 
wall is shown in figure 9-12. A thick bed of mor- 
tar is spread (step 1, fig. 9-12) and the brick 
shoved into this deep bed of mortar (step 2, fig. 
9—12) until squeezes out at the top of the joint at 
the face tier, and at the header joint (step 3, fig. 
9—12) so that the joints are full of mortar at every 
point. 


h. Cross Joints in Header Courses. The position 
of a cross joint is illustrated in figure 9—18. These 
joints must be completely filled with mortar. The 
mortar for the bed joint should be spread several 
brick widths in advance. The mortar is spread 
over the entire side of the header brick before it is 
placed in the wall (step 1, fig. 9—18). The brick is 
then shoved into place so that the mortar is forced 
out at the top of the joint and the excess mortar 
cut off, as shown in step 2, figure 9—18. 


i. Closure Joints in Header Courses. Figure 
9-14 shows the method of laying a closure brick in 
a header course. Before laying the closure brick, 
plenty of mortar should be placed on the sides of 
the brick already in place (step 1, fig. 9-14). 
Mortar should also be spread on both sides of the 
closure brick to a thickness of about 1 inch (step 
2, fig. 9-14). The closure brick should then be laid 
in position without disturbing the brick already 
in place (step 3, fig. 9-14). 


j. Closure Joints in Stretcher Courses. Before 
laying a closure brick for a stretcher course, the 
ends of the brick on each side of the opening to be 
filled with the closure brick should be well covered 
with mortar (step 1, fig. 9—15). Plenty of mortar 
should then be thrown on both ends of the closure 
brick (step 2, fig. 9—15) and the brick laid without 
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disturbing those already in place (step 3, fig. 
9—15). If any of the adjacent brick are disturbed 
they must be removed and relaid. Otherwise, 


Step 1 


Step 3 


Figure 9-12. Laying inside brick. 
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Step 2 


Figure 9-18. Making cross joints in header courses. 


cracks will form between the brick and mortar, 
allowing moisture into the wall. 

k. Thickness of Mortar Joints. There is no hard 
and fast rule regarding the thickness of the mor- 
tar joint. Brick that are irregular in shape may 
require mortar joints up to 14-inch thick. All brick 
irregularities are taken up in the mortar joint. 
Mortar joints 14 inch thick are the strongest and 
should be used when the bricks are regular enough 
to permit it. 

1. Slushed Joints. Slushed joints are those made 
by depositing the mortar on the head joints in 
order that the mortar will run down between the 
brick to form a solid joint. This should not be 
done. Even when the space between the brick is 
completely filled, there is no way to compact the 
mortar against the faces of the brick and a poor 
bond will result. 
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m. Pointing. Filling exposed joints with mortar 
immediately after the wall has been laid is called 
pointing. Pointing is frequently necessary to fill 


Step 3 


Figure 9-12. Making closure joints in header courses. 


Step 2 


Step 3 


Figure 9—15. Making closure joints in stretcher courses. 


holes and correct defective mortar joints. The 
pointing trowel is used for this purpose. 


9—9. Cutting Brick 


a. Cutting with Bolster or Brick Set. If a brick 
is to be cut to exact line the bolster or brick set 
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should be used. When using these tools, the 
straight side of the cutting edge should face the 
part of the brick to be saved and also face the 
bricklayer. One blow of the hammer on the brick 
set should be enough to break the brick. Ex- 
tremely hard brick will need to be cut roughly 
with the head of the hammer in such a way that 
there is enough brick left to be cut accurately 
with the brick set. See figure 9—16. 


b. Cutting with the Hammer. For normal cut- 
ting work, such as is required for making the clo- 
sures and bats required around openings in walls 
and for the completion of corners, the brick ham- 
mer should be used. The first step is to cut a line 
all the way around the brick with light blows of 
the hammer head (fig. 9-17). When the line is 
complete, a sharp blow to one side of the cutting 
line will split the brick at the cutting line. Rough 
places are trimmed using the blade of the hammer, 
as shown in figure 9-17. The brick can be held in 
the hand while being cut. 


9—10. Joint Finishes 


a. Exterior Surfaces. Exterior surfaces of mor- 
tar joints are finished to make the brickwork more 
waterproof and to improve the appearance. There 
are several types of joint finishes, as shown in 
figure 9-18. The more important of these are dis- 
cussed below. When joints are cut flush with the 
brick and not finished, cracks are immediately ap- 
parent between the brick and the mortar. Al- 
though these cracks are not deep, they are unde- 
sirable and can be eliminated by finishing or tool- 
ing the joint. In every case, the mortar joint 
should be finished before the mortar has hardened 
to any appreciable extent. The jointing tool is 
Shown in figure 7-1. 


b. Concave Joint. The best joint from the stand- 
point of weather-tightness is the concave joint. 
This joint is made with a special tool after the 
excess mortar has been removed with the trowel. 
The tool should be slightly larger than the joint. 
Force is used to press the mortar tight against the 
brick on both sides of the mortar joint. 


c. Flush Joint. The flush joint (fig. 9-18) is 
made by keeping the trowel almost parallel to the 
face of the wall while drawing the point of the 
trowel along the joint. 


d. Weather Joint. А weather joint sheds water 
more easily from the surface of the wall and is 
formed by pushing downward on the mortar with 
the top edge of the trowel. 
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1 Striking brick to one side of cutting iine 


T y^ 


Figure 9-16. Cutting brick with a bolster. 


2 Trimming rough spots 


Figure 9-17. Cutting brick with a hammer. 
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Figure 9-18. Joint finishes. 


Section Ш. 


9—11. Bricktender's Duties 


a. The bricktender mixes mortar, carries brick 
and mortar to the bricklayer, and keeps him sup- 
plied with these materials at all times. He fills the 
mortar board and places it in a position conven- 
ient for the bricklayer. He assists in the layout 
and, at times, such as during rapid backup brick- 
laying, he may lay out brick in a line on an adja- 
cent course so that the bricklayer needs to move 
each brick only a few inches in laying backup 
work. 


b. Wetting brick is also the duty of the brickten- 
der. This is done when bricks are laid in warm 
weather. There are four reasons for wetting brick 
just before they are laid: 


(1) There will be à better bond between the 
brick and the mortar. 


(2) The water will wash dust and dirt from 
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BRICK CONSTRUCTION 


the surface of the brick. Mortar adheres better to 
a clean brick. 


(3) If the surface of the brick is wet, the 
mortar spreads more evenly under it. 


(4) A dry brick may absorb water from the 
mortar rapidly. This is particularly bad when 
mortar containing portland cement is used. In 
order for cement to harden properly, sufficient 
moisture must be present to complete the hydra- 
tion of the cement. If the brick robs the mortar of 
too much water, there will not be enough left to 
hydrate the cement properly. 


9—12. Bricklayer's Duties 


The bricklayer does the actual laying of the brick. 
It is his responsibility to lay out the job so that 
the finished masonry will be properly done. In con- 
struction involving walls, he must see that the 
walls are plumb and the courses level. 


FOOTING AND FOUNDATION COMPLETED 


Figure 9-19. 


FIRST AND SECOND COURSE 


Wall footing. 
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9—13. Footings 
a. Wall Footing. 


(1) A footing is required under a wall when 
the bearing capacity of the supporting soil is not 
sufficient to withstand the wall load without a fur- 
ther means of redistribution. The footing must be 
wider than the thicknes of the wall, as illustrated 
in figure 9-19. The required footing width and 
thickness for walls of considerable height or for 
walls that are to carry a heavy load should be 
determined by a qualified engineer. Every footing 
should be below the frost line in order to prevent 
heaving and settlement of the foundation. For the 
usual one-story building with an 8-inch-thick wall, 
a footing 16 inches wide and approximately 8 
inches thick as given in figure 9-19 is usually 
enough. Although brickwork footings are satisfac- 
tory, footings are normally concrete, leveled on 
top to receive the brick or stone foundation wall. 

(2) As soon as the subgrade is prepared, the 
bricklayer should place a bed of mortar about 1 
inch thick on the subgrade to take up all irregular- 
ities. The first course of the foundation is laid on 
this bed of mortar. The other courses are then laid 
on this first course (fig. 9-19). 


b. Column Footing. A column footing for a 12- 
by 16-inch brick column is shown in figure 9-20. 
The construction method for this footing is the 
same as for the wall footing. 


9-14. Eight-Inch Common Bond Brick Wall 
a. Laying Out the Wall. For a wall of given 


FIRST COURSE OF COLUMN 


THREE QUARTER CLOSURES 


Figure 9-20. Column footing. 
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FOUNDATION 


BRICK LAID WITHOUT MORTAR 


Figure 9-21. Determination of vertical brick joints and 
number of brick in one course. 


length, the bricklayer makes a slight adjustment 
in the width of head joints so that some number of 
brick, or some number including one half-brick, 
will just make up the length. The bricklayer first 
lays the brick on the foundation without mortar 
(fig. 9-21). The distance between the bricks is 
equal to the thickness of the head mortar joints. 
Tables 9-2, 9-3, and 9-4 give the number of 
courses and horizontal joints required for a given 
wall height. 


b. Laying Corner Leads. The corners are erected 
first. This is called “laying of leads.” The brick- 
layer will use these leads as a guide in laying the 
remainder of the wall. Step 3, figure 9-23 shows a 
corner lead laid up and racked so that the center 
portion of the wall can be bonded into the corner 
lead. Only the face tier is laid in these corners and 
the corner lead is built up above the rest of the 
wall a distance of six or seven courses or to the 
height of the next header course above. Normally 
the first course is a header course. 


(1) The first step in laying a corner lead is 
shown in first step, figure 9-22. Two three-quarter 
closures are cut and a 1-іпеһ thick mortar bed is 
laid on the foundation. The three-quarter closure 
marked by a in second step, figure 9-22 is pressed 
down into the mortar bed until the bed joint be- 
comes 14 inch thick. Next, mortar is placed on the 
end of three-quarter closure b and a head joint is 
formed as described in paragraph 9-8. The head 
joint between the two three-quarter closures 
should be 15 inch thick also. Excess mortar that 
has been squeezed out of the joints is cut off. The 
level of the two three-quarter closures should now 
be checked by means of the plumb rule placed in 
the positions indicated by the heavy dashed lines 
in second step, figure 9-22. The edges of both these 
closure bricks must be even with the outside face 
of the foundation. 


(2) Next mortar is spread on the side of brick 
c and it is laid as shown in third step, figure 9—22. 
Its level is checked using the plumb rule in the 
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| must also be even with the outside face of the 
foundation. Brick d is laid and its level and posi- 


tion che 


tion, the quarter closures e and f should be cut and 
placed according to the recommended procedure 
described for laying closure brick. All excess mor- 
tar should be removed and the tops of these 


quarter 


same level as the tops of surrounding brick. 


(3) 


shoved i 
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Table 9-2. Height of Courses: 244-Inch Brick, %-Inch Joint 
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given in third step, figure 9—22. Its end 


cked. When brick d is in the proper posi- 


closures checked to see that they are at the 


Brick g (fourth step, fig. 9-22) is now 
nto position after mortar has been spread 


Table 9-3. Height of Courses: 214-Inch Brick, %4-Inch Joint 
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оп its face. Excess mortar should be removed. 
Bricks h, 1, 7, and k are laid in the same manner. 
The level of the brick is checked by placing the 
plumb rule in the several positions indicated in 
fourth step, figure 9—22. All brick ends must be 
flush with the surface of the foundation. Bricks I, 
т, n, о, and p are then laid in the same manner. 
The number of leader bricks that must be laid in 
the first course of the corner lead can be deter- 
mined from fifth step, figure 9-22. It will be noted 
that six header bricks are required on each side of 
the three-quarter closures a and b. 


бя 18' 634" 
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19' 014" 
19' 3” 
19' 534" 
19' 814" 
19' 1144" 
20' 2” 
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21' 1" 
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21' 6%" 
21' 94" 
22! 0” 
22! 2%” 
22! 5%" 
22' 814" 
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Table 9-4. Height of Courses: 24%-Inch Brick, %-Inch Joint 
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(4) The second course, a stretcher course, is 
now laid. Procedure is shown in step 1, figure 
9-23. А 1-іпсһ thick layer of mortar should be 
spread over the first course and a shallow furrow 
made in the mortar bed. Brick a (step 2, figure 
9—28) is then laid in the mortar bed and shoved 
down until the mortar joint is 14-inch thick. Brick 
b may now be shoved into place after mortar has 
been spread on its end. Excess mortar is removed 
and the joint checked for thickness. Bricks c, d, e, 
f, and ф are laid in the same manner and checked 
to make them level and plumb. The level is checked 
by placing the plumb rule in the position indicated 
іп step 2, figure 9-23. The bricks are plumbed by 
using the plumb rule in a vertical position as 
shown in figure 9—24. This should be done in sev- 
eral places. As may be determined from 3, figure 
9-28, seven bricks are required for the second 
course. The remaining bricks in the corner lead 
are laid in the manner described for the bricks in 
the second course. 


(5) Since the portion of the wall between the 
leads is laid using the leads as a guide, the level of 
the courses in the lead must be checked contin- 
ually, and after the first few courses the lead is 
plumbed. If the brickwork is not plumb, bricks 
must be moved in or out until the lead is accur- 
ately plumb. It is not good practice to move brick 
much once they are laid in mortar ; therefore, care 
is taken to place the brick accurately at the start. 
Before the mortar has set, the joints are tooled or 
finished. 


(6) А corner lead at the opposite end of the 
wall is built in the same manner. It is essential 
that the level of the tops of corresponding courses 
be the same in each lead; that is, the top of the 
second course in one corner lead must be at the 
same height above the foundation as the second 
course in the other corner lead. А long 2-by 2-inch 
pole can be used to mark off the heights of the 
different courses above the foundation. This pole 
can be used to check the course height in the 
corner leads. The laying of leads is closely super- 
vised and only skilled men are employed in this 
work. 


c. Laying the Face Tier Between the Corner 
Leads. 


(1) With the corner leads at each end of the 
wall completed, the face tier of brick for the wall 
between the leads is laid. It is necessary to use a 
line, as shown in figure 9-25. Nails are driven into 
the top of the mortar joint as shown in figure 
9-25. The line is hung over the nails and pulled 
taut by means of weights attached to each end. 
The line is positioned 14, inch outside the wall 
face level with the top of the brick. 


(2) With the line in place, the first or header 
course is laid in place between the two corner 
leads, as described in paragraph 9-8. The brick is 
shoved into position so that its top edge is 4, inch 
behind the line. Do not crowd the line. If the 
corner leads are accurately built, the entire wall 
will be level and plumb. It is not necessary to use 


MORTAR 


LAY PLUMB RULE IN THESE 
POSITIONS TO CHECK LEVEL 


% CLOSURES 


SECOND STEP 


\ 
'4 CLOSURES 


THIRD STEP 


the level on the section of the wall between the 
leads; however, it is advisable to check it with the 
level at several points. For the next course, the 
line is moved to the top of the next mortar joint. 
The brick in the stretcher course should be laid as 
described in paragraph 9-8. Finish the face joints 
before the mortar hardens. 


d. Laying the Back Tier. 
(1) When the face tier of brick for the wall 
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MORTAR 


HEADERS 


FOURTH STEP 


HEADERS 


FOUNDATION 


FIFTH STEP 


Figure 9-22. First course of corner lead for 8-inch common bond brick wall. 


between the leads has been laid up to but not in- 
cluding the second header course, normally six 
courses, the backup tier is laid. Procedure for lay- 
ing backup brick has already been described. The 
backup brick for the corner leads are laid first and 
the remaining brick afterwards (fig. 9-26). The 
line need not be used for the backup brick in an 
8-inch wall. When the backup brick have been laid 
up to the height of the second header course, the 
second header course is laid. 
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FOUNDATION 


MORTAR 


- E. FIRST COURSE (HEADERS) 


FIRST COURSE (HEADERS) 


SECOND COURSE FACE 
TIER (STRETCHERS) 


FOUNDATION 


CAREFULLY REMOVE 
EXCESS MORTAR 


Step 2 
THREE QUARTER CLOSURES 


THREE QUARTER CLOSURES 


3 Completed corner lead 


Figure 9-23. Second course of corner lead for 8-inch 
common bond brick wall. 
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Figure 9-24. Plumbing a corner. 


(2) The wall for the entire building is built 
up to a height including the second header course 
at which time corner leads are continued six more 
courses. The wall between the leads is constructed 
as before and the entire procedure repeated until 
the wall has been completed to the required 
height. 


9-15. Twelve-Inch Common Bond Brick Wall 


The 12-inch-thick common bond brick wall is laid 
out as shown in 38, figure 9—27. Note that the con- 
struction is similar to that for the 8-inch wall with 
the exception that a third tier of brick is used. The 
header course is laid (1, fig. 9-27) first and the 
corner leads built. Two tiers of backing brick are 
required instead of one. The second course is 
shown in 2, figure 9-27 and the third course in 3, 
figure 9-27. Two header courses are required and 
they overlap as shown in 1, figure 9-27. A line 
should be used for the inside tier of backing brick 
for a 12-inch wall. 


9-16. Protection of Brickwork and 
Use of a Trig 


a. Protection the Brick. The tops of all brick 
walls should be protected each night from rain 
damage by placing boards or tarpaulins on top of 
the wall and setting loose bricks on them. 


b. Use of a Trig. When a line is stretched on a 
long wall, a trig is used to prevent sagging and to 
keep it from being blown in or out from the face 
of the wall by the wind. The trig consists of a 


CORNER 


Figure 9—25. 


short piece of line looped around the main line and 
fastened to the top edge of a brick that has been 
previously laid in proper position. A lead between 
the corner leads must be erected in order to place 
the trig brick in its proper location. 


9—17. Window and Door Openings 
a. Window Openings. 
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CORD 


Use of the line. 


(1) If windows are to be installed in the wall, 
openings are left for them as the bricklaying pro- 
ceeds. The height to the top of one full course 
should be exactly the height of the window sill. 
When the distance from the foundation to the bot- 
tom of the window sill is known, the bricklayer 
can determine how many courses are required to 
bring the wal! up to that height. If the sill is to be 
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/ 


FIRST OR HEADER COURSE 


Figure 9-26. Backing brick at the corner—8-inch common bond brick wall. 
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THREE-QUARTER CLOSURES 


STRETCHERS 


QUARTER CLOSURES 


HEADERS EVERY SIXTH OR SEVENTH COURSE 


THREE-QUARTER CLOSURES 


1 First course of 12-inch common bond wall 


QUARTER CLOSURES 


2 Second course of 12-inch common bond wall 


Figure 9-27. Twelve-inch common bond wall. 


4 feet 414 inches above the foundation and 14-inch (2) With the brick laid up to sill height, the 
mortar joints are to be used, 19 courses will be rowlock sill course is laid as shown in figure 9-28. 
required. (Each brick plus one mortar joint is 21A, The rowlock course is pitched downward. The 
+14 = 284 inches. One course is thus 23⁄4 inches slope is away from the window and the rowlock 
high. Four feet 414 inches divided by 234 is 19, course normally takes up a vertical space equal to 


the number of courses required.) two courses of brick. The exterior surface of the 
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3 Third course of 12-inch cominon bond wall 


Figure 9—27.—Continued. 


joints between the brick in the rowlock course 
must be carefully finish to make them watertight. 

(3) The window frame is placed on the row- 
lock sill as soon as the mortar has set. The window 
frame must be temporarily bzaced until the brick- 
work has been laid up to about one-third the 
height of the window frame. These braces are not 
removed for several days in order that the wall 
above the window frame will set properly. Now 
the bricklayer lays up the brick in the rest of the 
wall in such а way that the top of the brick in the 
course at the level of the top of the window frame 
is not more than 14, inch above the frame. To do 
this, he marks on the window frame with a pencil 
the top of each course. If the top course does not 
come to the proper level, he changes the thickness 
of the joints slightly until the top course is at the 
proper level. The corner leads should be laid up af- 


HEADER COURSE 
ROWLOCK COURSE TILTED 


Figure 9-28. Construction of a window opening. 


ter the height of each course at the window is de- 
termined. 

(4) The mortar joint thickness for the corner 
leads is made the same as that determined at the 
window opening. With the corner leads erected, 
the line is installed as already described and is 
stretched across the window opening. The brick 
can now be laid in the rest of the wall. If the 
window openings have been planned properly, the 
brick in the face tier can be laid with a minimum 
of brick cutting. 


b. Placing Lintel Over Window Opening. Lintels 
are placed above windows and doors to carry the 
weight of the wall above them. They rest on the 
brick course that is level or approximately level 
with the frame head, and are firmly bedded in 
mortar at the sides. Any space between the win- 
dow frame and the lintel is closed with blocking 
and weatherstripped with bituminous materials. 
The wall is then continued above the window after 
the lintel is placed. 


c. Door Openings. The same procedure can be 
used for laying brick around a door opening as 
was used for laying brick around a window open- 
ing, including placement of the lintel. The ar- 
rangement at a door opening is given in figure 
9-29. Pieces of wood cut to the size of a half clo- 
sure are laid in mortar as brick to provide for 
anchoring the door frame by means of screws or 
nails. These wood blocks are placed at several 
points along the top and sides of the door opening 
to allow for plumbing the frame. 


9-18. Lintels 
a. The brickwork above openings in walls must 
be supported by lintels. Lintels can be made of 
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pom eee dert e ics с быш relative placement and position is determined both 
p by wall thickness and the type of window being 
Nee used. 


aes Ss b. Usually the size and type of lintels required 
= AS are given on drawings for the structure. When not 
Ee given, the size of double-angle lintels required for 
ERE yarious width openings in an 8-inch and 12-inch 
ppm ROARED COURSE wall can be selected from table 9-5. Wood lintels 
SS for various width openings are also given in table 


9-5. 
E c. Installation of a lintel for an 8-inch wall is 
pum Shown in figure 9-30. The thickness of the angle 
TENG for a two-angle lintel should be 14 inch. This 


makes it possible for the two-angle legs that pro- 
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Figure 9-29. Construction at a door opening. РО LS 
m О Е - Й 
steel, precast reinforced concrete beams, or wood. ЕЕ = = - 
The use of wood should be avoided as much as 
possible. If reinforced brick masonry is employed, 
the brick above the wall opening can be supported 
by the proper installation of steel reinforcing 
bars. This is discussed in paragraph 9-34. Figures LINTEL 


9-30 and 9-31 illustrate some of the methods of 
placing lintels for different wall thicknesses. The 
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Figure 9-30. Lintels for an 8-inch wall. Figure 9-81. Ілпіеіз for a 12-inch wall. 
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Table 9-5. Lintel Sizes 


Wall thickness 


4 feet* steel angles 


Span 


5 feet" asteel angles 


6 feet* steel angles 


2-9x9x М 20-3165 x 31$ x M 


2-316 x 34x м 2-314 x 31$ x M 


7 feet* steel angles 


2-315 x 3l x Mq 


8 feet* steel angles 


2-314 x 815 x М 


* Wood lintels should not be used for spans over 3 feet since they burn out in case of fire and allow the brick to fall. 


ject up into the brick to fit exactly in the 14-inch 
joint between the face and backing-up ties of ari 
8-inch wall. 


9—19. Corbeling 


a. Corbeling consists of courses of brick set out 
beyond the face of the wall in order to form a 
self-supporting projection. This type of construc- 
tion is shown in figure 9—32. The portion of a 
chimney that is exposed to the weather is fre- 
quently corbeled out and increased in thickness to 
improve its weathering resistance. Headers should 
also be used as much as possible in corbeling. It is 
usually necessary to use various-sized bats. The 
first projecting course may be a stretcher course if 
necessary. No course should extend out more than 
2 inches beyond the course below it and the total 
projection of the corbeling should not be more 
than the thickness of the wall. 


b. Corbeling must be done carefully for the con- 
struction to have maximum strength. Al] mortar 
joints should be carefully made and completely 
filled with mortar. When the corbeled-out brick 
masonry is to withstand large loads, a qualified 
engineer should be consulted. 


9—20. Brick Arches 


а. Characteristics. ТЇ properly constructed, a 
brick arch can support a heavy load. The ability to 
support loads is derived primarily from its curved 
shape. Several arch shapes can be used; the circu- 
lar and elliptical shapes are most common (fig. 
9-83). The width of the mortar joint is less at the 
bottom of the brick than it is at the top, and it 
should not be thinner than 14 inch at any point. 
Arches made of brick must be constructed with 
full mortar joints. As laying progresses, care must 


be taken to see that the arch does not bulge out of 
position. 


b. Use of Temporary Support. 


(1) A brick arch is constructed on a tempo- 
rary support that is left in position until the mor- 
tar has set. The temporary support is made of 
wood as shown in figure 9-34. The dimensions re- 
quired are obtained from drawings. For arches up 
to 6 feet in span. 34-inch plywood should be used 
for temporary supports. Two pieces cut to the 
proper curved shape are made and nailed to 2 by 
4's placed between them. This will provide a 
wide-enough surface to support the brick ade- 
quately. 


CORBELING 


So arde 


Figure 9-82. Corbeled brick wall. 
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CIRCULAR ARCH 


Figure 9-88. Types of arches. 


(2) The temporary support should be held in 
position with wedges that can be driven out when 
the mortar has hardened enough for the arch to be 
self-supporting. 


c. Laying the Arch. Construction of an arch is 
begun at the two ends or abutments of the arch. 
The brick is laid from each end toward the center 
or crown. The key or middle brick is the last to be 
placed. There should be an odd number of brick in 
order for the key or middle brick to come at the 
exact center of the arch. The arch should be laid 
out in such a way that no brick need be cut. 


d. Determination of the Brick Spacing. The best 
way to determine the number of brick required 
for an arch is to lay a temporary support on its 


Figure 9-34. Use of a templet in arch construciiun. 
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side on level ground and set brick around it. Ad- 
just the spacing until the key brick comes at the 
exact center of the arch. When this has been done, 
the position of the brick can be marked on the 
temporary support to be used as a guide when 
the arch is actually built. 


9-21. Watertight Walls 
a. General. 


(1) The water that passes through brick 
walls does not usually enter through the mortar or 
brick but through cracks between brick and mor- 
tar. Sometimes these cracks are formed because 
the bond between the brick and mortar is poor. 
They are more apt to occur in head joints than in 
bed joints. To prevent this, some brick must be 
wetted. If the position of the brick is changed 
after the mortar has begun to set, the bond be- 
tween the brick and mortar will be destroyed and 
a crack will result. Shrinkage of the mortar is also 
frequently responsible for the formation of cracks. 


(2) Both the size and number of cracks be- 
tween the mortar and the brick can be reduced if 
the exterior face of all the mortar joints is tooled 
to a concave finish. All head joints and bed joints 
must be completely filled with mortar if water- 
tightness is to be obtained. 


b. Parging. A procedure found effective in pro- 
ducing a leakproof wall is shown in figure 9-35. 
The back of the brick in the face tier is plastered 
with not less than 3% inch of rich cement mortar 
before the backing bricks are laid. This is called 
parging or back plastering. Since parging should 
not be done over mortar protruding from the 
joints, all joints on the back of the face tier of 
bricks must be cut flush. 


c. Membrane Waterproofing. Membrane water- 
proofing should be used if the wall is subject to 
considerable water pressure. The membrane, if 
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Figure 9-85. Parging. 


properly installed, is able to adjust to any shrin- 
kage or settlement without cracking. If the wall is 
to be subjected to considerable ground water or 
the surrounding soil is impervious, tile drains, or 
French drains if drainage tile is not available, 
should be constructed around the base of the wall 
(fig. 9-36). 


d. Waterproof Coatings. 


(1) Bituminous mastic. For a foundation wall 
below ground level, two coats of bituminous 
mastic applied to the outside surface of the brick 
will yield satisfactory results. Asphalt or coal-tar 
pitch may be used and applied with mops. 

(2) Waterproof paints. The watertightness of 
brick walls above ground level is improved by the 
application of transparent waterproof paints such 
as a water solution of sodium silicate. Varnish is 
also effective. When used, these paints should be 
applied as specified by the manufacturer. Certain 
white and colored waterproofing paints are also 
available. In addition, good results have been ob- 
tained by the use of high-quality oil base paints. 

(3) Portland-cement paint. Portland-cement 
paint generally gives excellent results. The brick 
wall should be at least 30 days old before the port- 
land-cement paint is applied and all efflorescence 
must be removed from the surface to be painted 
(para. 9-27). Type 2, class А portland-cement 
paint should be used (Fed. Spec. TT-P-21 (2)). 
Manufacturer's instructions for mixing and apply- 
ing the paint are to be followed. Surfaces must be 
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Figure 9-36. Drain around foundation. 
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damp when the paint is applied. А water spray is 
the best means of wetting the surface. Whitewash 
or calcimine type brushes are used to apply the 
paint. Portland-cement paint can be applied with 
a spray gun but its rain resistance will be reduced. 


e. Repairing Cracks. Before transparent water- 
proof paints or portland-cement paint is applied, 
all cracks should be repaired. 


(1) Cracks in mortar joints. Cracks in mor- 
tar joints are repaired by chipping out the mortar 
in the joint the full width of the joint to a depth of 
about 2 inches. The hole formed is carefully 
cleaned out by scrubbing with clean water. While 
the surface is still wet, a coating of cement mor- 
tar, made with sufficient water to form a thick 
liquid, should be applied. Before this coating sets, 
the hole should be filled with the prehydrated mor- 
tar described in paragraph 9-26 which is recom- 
mended for use in tuckpointing. 

(2) Cracks in brick. Cracks in the brick 
should be repaired the same as cracks in concrete 
(para 5-35, 5-36). 


9—22. Fire-Resistant Brick 


a. Purpose. Fire brick are manufactured for 
such uses as lining furnaces and incinerators. 
Their purpose is to protect the supporting struc- 
ture or outer shell from intense heat. This outer 
shell may consist of common brick or, in some 
cases, steel, neither of which has good heat resist- 
ance. 


b. Types of Fire-Resistant Brick. There are two 
types of fire-resistant brick: 


(1) Fire brick. These bricks are made from a 
special clay known as fire clay. They will with- 
stand high temperatures and are heavier and 
usually larger than common brick. The standard 
size is 9 by 414 by 214 inches. 

(2) Silica brick. Silica brick should be used if 
resistance to acid gases is required. Silica brick 
should not be used if it is to be alternately heated 
and cooled. Most incinerators, therefore, should be 
lined with fire brick rather than silica brick. 


c. Laying Fire Brick. Thin joints are of the ut- 
most importance in laying fire brick. This is espe- 
cially true when the brick are exposed to high 
temperatures such as those occurring in incinera- 
tors. The brick should be kept in a dry place until 
the time they are used. 


(1) Mortar. The mortar to be used in laying 
fire brick consists of fire clay mixed with water. 
The consistency of the mortar should be that of 
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thick cream. Fire clay can be obtained by grinding 
used fire brick. 


(2) Laying procedure. The brick is dipped in 
the mortar in such a way that all faces except the 
top face are covered. The brick is then tapped 
firmly in place with a bricklayer’s hammer. The 
joint between the brick should be as thin as possi- 
ble and the brick should fit tightly together. Any 
cracks between the fire brick will allow heat to pen- 
etrate to the outside shell of the incinerator or 
furnace and damage it. The fire brick in one 
course lap those in the course below by one-half 
brick. The heat joints are thus staggered in the 
same way as they are staggered in the usual type 
of brick construction. 


d. Laying Silica Brick. Silica brick are laid with- 
out mortar. They fit so closely that they fuse to- 
gether at the joints when subjected to high tem- 
peratures. The head joints for silica brick are 
staggered, as for fire brick. 


9-23. Special Types of Walls 


a. Solid Walls. Many different types of walls 
may be built of brick. The solid 8- and 12-inch 
walls in common bond are the ones usually used 
for solid wall construction in the United States. 
The most important of the hollow walls are the 
cavity wall and the rowlock type wall. 


b. Cavity Walls. 


(1) Cavity walls provide a means of obtain- 
ing a watertight wall that may be plastered with- 
out the use of furring or lathing. From the outside 
they appear the same as solid walls without 
header courses (fig. 9-37). No headers are re- 
quired because the two tiers of brick are held to- 
gether by means of metal ties installed every sixth 
course and on 24-inch centers. To prevent water- 
flow to the inside tier, ties must be angled in a 
downward direction from the inside tier to the 
outside tier. 


(2) The 2-inch cavity between the two tiers 
of brick provides a space down which water that 
penetrates the outside tier may flow without pass- 
ing through to the inside of the wall. The bottom 
of the cavity is above ground level and is drained 
by weep holes placed in the vertical joints between 
two bricks in the first course of the outer tier. 
These holes may be formed by leaving the mortar 
out of some of the vertical joints in the first 
course. The holes should be spaced at about 24- 
inch intervals. The air space also gives the wall 
better heat and sound insulation properties. 
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Figure 9-37. Details for a cavity wall. 


c. Rowlock-Back Wall. 


(1) One type of rowlock wall is shown in 
figure 9-38. The face tier of this wall has the same 
appearance as a common bond ма! with a full 
header course every seventh course. The backing 
tier is laid with the brick on edge. The face tier 
and backing tier are tied together by a header 
course as shown. A 2-inch space is provided be- 
tween the two tiers of brick, as for a cavity wall. 

(2) An all-rowlock wall is constructed with 
brick in the face and backing tier both laid on 
edge. The header course would be installed at 
every fourth course: three rowlock courses to 
every header course. 

(3) A rowlock wall is not as watertight as the 
cavity wall. Water is able to follow any crack pres- 
ent in the header course and pass through the 
wall to the inside surface. 


d. Partition Walls. Partition walls that carry 
very little load can be made using one tier of brick 
only. This produces a wall 4 inches thick, A wall 
of this thickness is laid up without headers. 


e. Laying Brick for Special Type Walls. Brick 
are laid in cavity walls and partition walls accord- 
ing to the procedure given in paragraph 9-8 for 
making bed joints, head joints, cross joints, and 
closures. The line is used the same as for a 
common bond wall. Corner leads for these walls 
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Figure 9—38. Details of а rowlock backwall. 


are erected first and the wall between is built up 
afterward. 


9—24. Manholes 


a. Purpose. 


(1) Manholes are required for sewers so they 
can be cleaned and inspected. The size of the man- 
hole required depends largely upon the size of the 
sewer. Manholes should be circular or oval, since 
this reduces the stress arising from both water 
and soil pressure. For small sewers on a straight 
line, a 4-foot diameter manhole is satisfactory. De- 
tails of a typical manhole are given in figure 9—39. 


(2) Both bottom and walls may be made of 
brick but normally the bottom is made of concrete 
because it is easier to cast the required shape in 
concrete rather than form it of brick. The walls of 
the manhole can be economically constructed if 
brick is used, eliminating the need for form work. 


b. Required Wall Thickness. The thickness of 
walls required depends on the depth and the diame- 
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ter of the manhole. Ап 8-inch thick wall should be 
used for manholes up to 8 feet in diameter and less 
than 15 feet deep. Manholes over 15 feet should be 
designed by a qualified engineer. 


c. Manhole Construction. 


(1) Only headers are used for an 8-inch wall. 
A line cannot be used in the construction of the 
manhole wall. The level is employed to make sure 
that all brick in a course are at the same level. The 
straightedge or a straight, surfaced 2 by 4 may be 
used to span the manhole and the plumb rule 
placed on the 2 by 4 to determine whether the 
brick rises at the same level all around the man- 
hole. Since the manhole wall will not be seen, some 
irregularities in brick position and mortar joint 
thickness are permissible. All joints in this type of 
wall are bed joints, or closure joints, made as de- 
scribed in paragraph 9-8. 

(2 ) Before the first course of brick is laid, a 
bed of mortar 1-inch thick should be placed on the 
foundation and the first course laid on this mortar 
bed. 

(3) To reduce the size of the manhole to that 
required for the manhole frame and cover, the 
brick is corbeled inward as shown (2, fig. 9—39). 
One brick should not project more than 2 inches 
beyond the brick below it. Upon completion of the 
manhole wall, it is plastered on the outside with 
the same mortar used in laying the brick. The 
thickness of the mortar coating should be at least 
35 inch. 

(4) The base of the manhole frame is placed 
in a 1-іпеһ thick mortar bed spread on top of the 
manhole wall. The wrought-iron steps shown 
should be spaced at about 15 inches vertically and 
the embedded part placed in a cross mortar joint. 


9—25. Method of Supporting Beams 


a. When it is necessary to support a wood beam 
on a brick wall, it may be done as shown in 1, 
figure 9—40. Note the wall tie. If possible, the mor- 
tar should be kept away from the beam for dry rot 
may result if the wood is completely encased in 
mortar. This may be conveniently done by means 
of the wall box shown іп 2, figure 9-40. The end of 
the beam should be cut at an angle which, in case 
of fire, will permit it to fall without damaging the 
wall above the beam. The beam should bear on the 
full width of the inside tier of brick for either an 
8-inch or 12-inch wall. 


b. If a steel beam is to be supported on a brick 
wall, a steel bearing plate set in mortar should be 
used under the beam. This bearing plate, when 
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1 Plan of manhole 


Figure 9-89. Details of a sewer manhole. 


properly designed, reduces the tendency for the load the beam carries. The method for determin- 
stee] beam to crush the brick. The size of the bear- ing the required thickness of bearing plates is be- 
ing plate depends upon the size of beam and the yond the scope of this manual. 


BRICK AND TILE MASONRY (9—29) 165 


2 


4" CEMENT 
MORTAR PLASTER 


CORBELED 


JEDE 


<< 


pm 


2 Brick manhole cross section 


Figure 9-39.—Continued. 
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1 Wall tie 


2 Beam box 


Figure 9-40. Details of а wood beam supported 
by a brick wall. 


9-26. Maintenance and Repair of Brick Walls 


If a brick masonry wall is properly constructed, it 
requires little maintenance or repair. The proper 
repair of old masonry can be more expensive 
than the complete removal and replacement of the 
disintegrated portion. The use of good mortar, 
proper finishing of joints, and adequate flashing 
adds little to the initial cost and reduces the cost 
of maintenance throughout the life of the mason- 
ry. 


а. Tuck-Pointing. Tuck-pointing consists of cut- 
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ting out all loose and disintegrated mortar to a 
depth of at least 14 inch and replacing it with 
new. If leakage is to be stopped, all the mortar in 
the affected area should be cut out and new mortar 
placed according to instructions given in para- 
graph 9-21e. Tuck-pointing done as routine main- 
tenance requires the removal of the defective mor- 
tar only. 


b. Preparation of the Mortar Joint. All dust and 
loose material should be removed by brush or by 
means of a water jet after the cutting has been 
completed. A chisel with a cutting edge about 1%- 
inch wide is suitable for cutting. If water is used 
in cleaning the joints, no further wetting is re- 
quired. If not, the surface of the joint must be 
moistened. 


c. Mortar for Tuck-Pointing. The mortar to be 
used for tuck-pointing should be portland-cement- 
lime, prehydrated type S mortar, or prehydrated 
prepared mortar made from type II masonary 
cement (para 7-3). The prehydration of mortar 
greatly reduces the amount of shrinkage. The pro- 
cedure for prehydrating mortar is as follows: The 
dry ingredients for the mortar are mixed with 
just enough water to produce a damp mass of such 
consistency that it will retain its form when com- 
pressed into a ball with the hands. The mortar 
should then be allowed to stand for at least 1 hour 
and not more than 2 hours. After this has been 
done, it is mixed with the amount of water re- 
quired to produce a stiff but workable consistency. 


d. Filling the Joint. Sufficient time should be 
allowed for absorption of the moisture used in 
preparing the joint before the joint is filled with 
mortar. Filling the joint with mortar is called re- 
pointing and is done with a pointing trowel. The 
prehydrated mortar that has been prepared as 
above is packed tightly into the joint in thin layers 
about М, inch thick and finished to a smooth 
concave surface with a pointing tool. The mortar 
is pushed into the joint with a forward motion in 
one direction from a starting point to reduce the 
possibility of forming air pockets. 


9—27. Cleaning New Brick Masonry and 
Removing Efflorescence 


a. Cleaning New Brick Masonry. А skilled 
bricklayer is able to construct a masonry wall that 
is almost free of mortar stains. Most new brick 
walls, however, will need some cleaning. 


(1) Upon completion of the work, the large 
particles of mortar adhering to the brick are re- 


moved with a putty knife or chisel. Mortar stains 
are removed with acid prepared by mixing one 
part commercial muriatic acid with nine parts 
water. Pour the acid into the water. Before apply- 
ing the acid, soak the surface thoroughly with 
water to prevent the mortar stain from being 
drawn into the pores of the brick. 

(2) The acid solution is applied with a long- 
handled, stiff-fiber brush. Proper precautions must 
be taken to prevent the acid from getting on 
hands, arms, and clothing. Goggles are worn to 
protect the eyes. Ап area of 15 to 20 square feet is 
scrubbed with acid and then immediately washed 
down with clear water. All acid must be removed 
before it can attack the mortar joint. Door and 
window frames must be protected from the acid. 


b. Removing Efflorescence. Efflorescence is a 
white deposit of soluble salts frequently appearing 
on the surface of brick walls. These soluble salts 
are contained in the brick. Water penetrating the 
wall dissolves out the salts and when the water 
evaporates the salt remains. Efflorescence cannot 
occur unless both water and the salts are present. 
The proper selection of brick and a dry wall will 
keep efflorescence to a minimum. It may be re- 
moved, however, with the acid solution recom- 
mended for cleaning new walls. Acid should be 
used only after it has been determined that scrub- 
bing with water and stiff brushes will not remove 
the etflorescence. 


9—28. Cleaning Old Brick Masonry 


a. Methods. Sand blasting, steam with water 
jets, and the use of cleaning compounds are the 
principal methods of cleaning old brick masonry. 
The process used depends upon the materials used 
in the wall and the nature of the stain. Many 
cleaning compounds that have no effect upon brick 
will damage mortar. Rough-textured brick is more 
difficult to clean than smooth-textured brick. 
Often it cannot be cleaned without removing part 


of the brick itself, and changing the appearance of 
the wall. 


b. Sand Blasting. This method consists of blow- 
ing hard sand through a nozzle against the surface 
to be cleaned. Compressed air forces the sand 
through the nozzle. A layer of the surface is re- 
moved to the depth required to remove the stain. 
This is a disadvantage in that the surface is given 
a rough texture upon which soot and dust collect. 
Sand blasting usually cuts deeply into the mortar 
joints and it is often necessary to repoint them. 
After the sand blasting has been completed, it is 
advisable to apply a transparent waterproofing 
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paint to the surface to help prevent soiling of the 
wall by soot and dust. Sand blasting is never done 
on glazed surfaces. А canvas screen placed around 
the scaffold used for sand blasting will make it 
possible to salvage most of the sand. 


c. Steam With Water Jets. 


(1) Cleaning by this method is accomplished 
by projecting a finely divided spray of steam and 
water at a high velocity against the surface to be 
cleaned. Grime is removed effectively without 
changing the texture of the surface, which gives it 
an advantage over sand blasting. 


(2) The steam may be obtained from a porta- 
ble truck-mounted boiler. The pressure should be 
from 140 to 150 pounds per square inch and about 
12 boiler horse-power per cleaning nozzle is re- 
quired. The velocity with which the steam and 
water spray hits the wall is more important than 
the volume of spray used. 


(3) A garden hose may be used to carry the 
water to the cleaning nozzle. Another garden hose 
supplies rinsing water. The operator experiments 
with the cleaning nozzle in order to determine the 
best angle and distance from the wall to hold the 
nozzle. The steam and water valves may also be 
regulated until the most effective spray is ob- 
tained. No more than a 3-foot-square area should 
be cleaned at one time. The cleaning should be 
done by passing the nozzle back and forth over the 
area, then rinsing it immediately with clean water 
before moving to the next space. 


(4) Sodium carbonate, sodium bicarbonate, 
or trisodium phosphate may be added to the clean- 
ing water entering the nozzle to aid the cleaning 
action. The amount of salt remaining can be re- 
duced considerably by washing the surface down 
with water before and after cleaning. 


(5) Hardened deposits that cannot be re- 
moved by steam cleaning should be removed with 
steel scrapers or wire brushes. Care must be taken 
not to cut into the surface. After the deposit has 
been removed, the surface should be washed down 
with water and steam cleaned. 


d. Cleaning Compounds. There are a number of 
cleaning compounds that may be used, depending 
upon the stain to be removed. Most cleaning com- 
pounds contain material that will appear as efflo- 
rescence if allowed to penetrate the surface. This 
may be prevented if the surface to be cleaned is 
thoroughly wetted first. Whitewash, calcimine, 
and coldwater paints may be removed by the use 
of a solution of one part hydrochloric acid to five 
parts water. Fiber brushes are used to scrub the 
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surface vigorously with the solution while the sol- 
ution is still foaming. When the coating has been 
removed, the wall must be washed down with 
clean water until the acid is completely removed. 


e. Paint Removers. Oil paint, enamels, var- 
nishes, shellacs, and glue sizings should be re- 
moved with a paint remover applied with a brush 
and left on until the coating is soft enough to be 
scraped off with a putty knife. The following are 
effective paint removers: 

(1) Commercial paint removers. If these are 
used, follow the manufacturer’s instructions. 

(2) Two pounds of trisodium phosphate in 1 
gallon of hot water. 

(8) One and one-half pounds of caustic soda 
in 1 gallon of hot water. 


(4) Sand blasting or burning with a blow- 
torch. 


f. Removal of Miscellaneous Stains. 


(1) Iron stains. The cleaning solution is pre- 
pared by mixing seven parts of lime-free glycerine 
with a solution of one part sodium citrate in six 
parts lukewarm water. Whiting or kieselguhr is 
added to make a thick paste to be applied to the 
stain with a trowel and scraped off when dry. The 
procedure is repeated until the stain in removed. 
After this the surface must be washed down with 
water. 


(2) Tobacco stains. The cleaning solution is 
prepared by dissolving 2 pounds of trisodium 
phosphate in 5 quarts of water. In an enameled 
pan, mix 12 ounces of chloride of lime in enough 
water to make a smooth thick paste. The triso- 
dium phosphate solution is then mixed with the 
paste in a 2-gallon stoneware jar. When the lime 
has settled, the clear liquid is drawn off and di- 
luted with an equal amount of water. A stiff paste 
is made by mixing the clear liquid with powdered 
talc; it is applied to the stain with a trowel and 
the surface washed. 

(3) Smoke stains. A smooth stiff paste made 
from trichlorethylene and powdered talc is effec- 
tive in removing smoke stains. The solution con- 
tainer should be covered to prevent evaporation. 
If after several applications a slight stain still re- 
mains, the surface should be washed down and the 
procedure recommended for the removal of to- 
bacco stains used. This solution should not be used 
in an unventilated space for the fumes are harmful. 

(4) Copper and bronze stains. These stains 
can be removed with a solution made by mixing 
one part of ammonium chloride (sal ammoniac) in 
dry form with four parts of powdered tale. Am- 
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monia water is added and the solution stirred 
until a thick paste is obtained. This is applied to 
the stain with a trowel and allowed to dry. Several 
applications may be necessary after which the sur- 
face must be washed down with clear water. 


(5) Oil stains. Oil stains are effectively re- 
moved with a solution consisting of one part triso- 
dium phosphate and 1 gallon of water to which 
enough whiting has been added to form a paste. 
The paste should be troweled cver the stain in a 
layer i5 inch thick and allowed to dry for 24 


hours. The paste is removed and the surface 
washed with clean water. 


9—29. Flashing 


a. Description. 


(1) Flashing is the impervious membrane 
placed at certain places in brick masonry for the 
purpose of excluding water or to collect any mois- 
ture that does penetrate the masonry and direct- 
ing it to the outside of the wall. Flashing is in- 
stalled at the head and sill of window openings 
and, in some buildings, at the intersection of the 
wall and roof. Where chimneys pass through the 
roof, the flashing should extend entirely through 
the chimney wall and turn up for a distance of 1 
inch against the flue lining. 


(2) The edges of the flashing are turned up as 
shown in figure 9—41 to prevent drainage into the 
wall. Flashing is always installed in mortar joints. 
Drainage for the wall above the flashing is pro- 
vided by placing 14-inch cotton-rope drainage 
wicks in the mortar joint just above flashing mem- 
brane at 18 inch spacings. Drainage may also be 
provided by holes left after dowels placed in the 
proper mortar joint are removed. 


b. Flashing Materials. Copper, lead, aluminum, 
and bituminous roofing paper may be used for the 
flashing membrane. Copper is generally preferred 
but it will stain the masonry when it weathers. If 
this staining is undesirable, lead-coated copper 
should be used. Bituminous roofing paners are the 
cheapest but they are not as durable and may have 
to be replaced for permanent construction. The 
cost of replacement is many times the cost of in- 
stalling high-quality flashing. Corrugated copper 
flashing sheets are available that produce a good 
bond with the mortar. These sheets have interlock- 
ing watertight joints at points of overlap. 


c. Install tion of Flashing. 


(1) In placing flashing, a 14-inch thick bed of 
mortar is spread on top of the brick and the flash- 
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Figure 9-41. Flashing at window opening. 
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Figure 9-41.—Continued. 


ing sheet pushed firmly down into the mortar. The 
brick or sill that goes on top of the flashing is 
forced into a 14-inch thick mortar bed spread on 
the flashing. 


(2) Details for the proper installation of flash- 
ing at the head and at the sill of a window are 
shown in figure 9—41. Note that at the steel lintel 
the flashing goes in under the face tier of brick, 
then back of the face tier, and finally over the top 
of the lintel. 


(3) The flashing required at the intersection 
of the roof and wall is shown in figure 9-42 and is 
always installed to prevent leakage between the 
roof and the wall. The upper end of the flashing is 
fitted and caulked into the groove of the raggle 
block. 


9—30. Protection Against Freezing During 
Constructoin 


a. Precaution. Leaky masonry walls can be at- 
tributed to the freezing of mortar before it set or 
to the lack of protection of materials and walls 
during cold weather construction. During cold 
weather, all materials and walls should be pro- 
tected against freezing temperatures by: 

(1) Proper storage of materials. 
(2) Proper preparation of mortar. 
(3) Heating of masonry units. 


(4) Laying precautions. 
(5) Protection of work. 


b. Storing of Materials. Carelessness in storing 
materials during cold weather construction en- 
courages poor workmanship, since the removal of 
ice and snow and the thawing of masonry units 
are absolutely necessary before construction pro- 
ceeds. All masonry units and mortar materials 
should be thoroughly covered with tarpaulins or 
building paper and stored on plank platforms 
thick enough or raised high enough to prevent ak- 
Sorption of moisture from the ground. 


c. Preparation of Mortar. Water and sand 
Should be heated not to exceed 160? F. and the 
temperature of the mortar when used should be at 
least 70? F. and not more than 120? F. On small 
jobs where mortar boxes are used, they should be 
of steel and raised about a foot above the ground 
so that provisions can be made to supply some sort 
of heat to keep the mortar warm after mixing. 
Salt should never be added to mortar to lower its 
freezing point. 


d. Heating of Masonry Units. To prevent sud- 


FLASHING 


RAGGLE BLOCK 
CAULK 


4" FELT STRIPS 


BASE FLASHING 


Figure 9-42. Flashing at intersection of roof and wall. 


den cooling of the warm mortar in contact with 
cold units it is recommended that all masonry 
units be heated to a unit temperature of about 40? 
F. when the outside temperature is below 18? F. 
The heating of masonry units requires careful 
planning. Where required, inside storage should 
be provided so that heat may be supplied at mini- 
mum expense. 


e. Laying Precautions. In below freezing 
weather, brick having high rates of absorption 
should be sprinkled with warm water just before 
laying. Masonry units should rever be laid on 
snow- or ice-covered beds because there will be 
little or no bond between the mortar and masonry 
units when the base thaws. Tops of unfinished 
walls should be kept carefully covered when work 
is not proceeding. If the covering is displaced and 
ice or snow collects on the wall top, it should be 
removed with live steam before the work contin- 
ues. 


f. Protection of Work. Protection of the ma- 
sonry from freezing is necessary and will vary 
with weather conditions. Each job is an individual 
problem. Job layout, desired rate of construction, 
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and the prevailing weather conditions will deter- 
mine the amount of protection and the type of 
heat necessary to maintain temperatures within 
the wall above freezing unit the mortar has set 
properly. 


g. Temperature Variation. When the outside air 
temperature is below 40 °F., the temperature of 
the masonry when laid should be above 40° F. An 
air temperature of above 40° F. should be main- 
tained on both sides of the masonry for at least 48 
hours, if type M or S mortar is used, and for at 
least 72 hours if type N mortar is used. These 
periods may be reduced to 24 and 48 hours respec- 
tively, if high-early-strength cement is used. It is 
significant to note that the use of high-early- 
strength cement in mortars does not appreciably 
alter their rate of set. However, it does increase 
their rate of gaining strength, thereby providing 
greater resistance to further injury from freezing. 


9-31. Quantities of Material Required 
for Brick Masonry 


See table 9-6 for the quantity of brick and mortar 
required for various wall thicknesses. 


Table 9-6. Quantities of Material Required for Brick Walls* 


Wall area aq ft 


8 inches 


Wall thickness in inches 


12 inches 16 inches 


Number of Cu ft Number of Cu ft Number of Cu ft Number of Cu ft 
bricks mortar bricks mortar bricks mortar bricks mortar 


.08 12.33 

123.3 
1,233 
2,466 
3,699 
4,932 


6,165 
1,398 
8,631 
9,864 
10,970 
12,330 


12 : : 5 .44 


*Quantities are based оп }4-inch-thick mortar joint. For ?$-inch-thick joint use 80 percent of these quantities. For 54-inch-thick joint use 120 percent. 


Section IV. 


. 9—32. Uses and Materials 


а. Uses. Because the strength of brick masonry 
in tension is low, as compared with its compres- 
sive strength, reinforcing steel is used when ten- 
sile stresses are to be resisted. In this respect, 
brick masonry and concrete construction are 
identical. The reinforcing steel is placed in the 


REINFORCED BRICK MASONRY 


horizontal or vertical mortar joints. Reinforced 
brick masonry may be used for beams, columns, 
walls, and footings in the same manner as rein- 
forced concrete is used. Structures built of rein- 
forced brick masonry have successfully resisted 
the effect of earthquake shocks intense enough to 
damage unreinforced brick structures severely. 
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The design of reinforced brick masonry structures 
is similar to the design of reinforced concrete 
structures and is done by qualified engineers. 


b. Materials. 


(1) Brick used for reinforced brick masonry 
is the same as that used for ordinary brick ma- 
sonry. It should, however, have a compressive 
strength of at least 2,500 pounds per square inch. 

(2) The reinforcing steel is the same as the 
steel used to reinforce concrete and it is stored 
and fabricated in the same way. Hard-grade steel 
should not be used except in emergencies because 
many sharp bends are required in this type of 
construction. 

(3) Type N mortar (para 7-3) is used be- 
cause of its high strength. 

(4) Wire for tying reinforcing steel should 
be 18-gage soft annealed iron wire. 


9-33. Construction Methods for Reinforced 
Brick Masonry 


a. Laying Reinforced Brick Masonry. Bricklay- 
ing is the same as for normal brick masonary. 
Mortar joint thickness is 1% inch more than the 
diameter of the steel bar used for reinforcing. 
This will allow 1/16 inch of mortar between the 
surface of the brick and the bar. When large steel 
bars are used, the thickness of the mortar joint 
will exceed 1% inch. 


b. Placing the Steel. All reinforcing steel must 
be firmly embedded in mortar. 


(1) Horizontal bars are laid in a bed of mor- 
tar and pushed down until in position. More mor- 
tar is spread on top of the rods and smoothed out 
until a bed joint of the proper thickness can be 
made. The next course of brick is then laid in this 
mortar bed according to the procedure outlined 
for laying brick without reinforcing steel. 


(2) Stirrups for most reinforced brick beams 
must be of the shape shown in figure 9—43 in order 
to place them in the mortar joints. The lower leg 
is placed under the horizontal bars and in contact 
with them. Note that this may require a thicker 
joint at this point. 

(3) Vertical bars are placed in the vertical 
mortar joints. They are held in position by wood 
templets in which holes have been drilled at the 
proper bar spacing or by wiring to a horizontal 
bar. The brick is laid up around the vertical bars. 

(4) Horizontal and vertical bars need not be 
wired together as was recommended for reinforc- 
ing steel in concrete walls. 

(5) The minimum center-to-center spacing 
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between parallel bars is 114 times the bar diame- 
ter. 


c. Forms. 


(1) Reinforced brick beams require form 
work for the same reason that reinforced concrete 
beams need form work. The form will consist only 
of a support for the bottom of the beam. No side 
form work is required. The form for the bottom is 
the same and is supported in the same way as 
recommended for concrete beams. No form work 
is required for walls, columns, or footings. 

(2) Where the beam joins à wall or another 
beam, the form should be cut 14 inch short and the 
gap filled with mortar to allow for swelling of the 
lumber and to permit easy removal of the forms. 


d. Form Removal. At least 10 days should elapse 
before the bottom form work for beams is re- 
moved. 


9-34. Reinforced Brick Masonry Beams 


a. Dimensions. The width and depth of beams 
depend upon brick dimensions, thickness of the 
mortar joints, and the load that the beam is re- 
quired to support. Beam widths are usually the 
same as the wall thicknesses ; that is, 4, 8, 12, and 
16 inches. The depth should not exceed about three 
times the width. 


b. Construction Procedures. 


(1) The first course of brick is laid on the 


STIRRUP IS PLACED IN VERTICAL 
JOINT BETWEEN HEADERS 


"Z" TYPE STIRRUP 


Figure 9-48. Reinforced brick masonry beam. 


form with full head joints but without a bed joint 
(fig. 9—48). 

(2) A bed of mortar about 14-inch thicker 
than the diameter of the horizontal reinforcing 
bars is spread on the first course of brick and the 
bars embedded in it as already described. 

(3) If stirrups are required, the leg of the 
stirrup is slipped under the horizontal bars as 
shown in figure 9—48. Care must be taken to get 
the stirrup in the center of the vertical mortar 
joint in which it is to be placed. 

(4) After the stirrups and the horizontal bars 
are in the proper position, spread additional mor- 
tar on the bed joint if necessary, and smooth the 
surface of the mortar. The mortar bed is now 
ready for the remaining courses which are laid in 
the usual way. 

(5) АП of the brick in one course are laid 
before any brick in the next course are placed. 
This is necessary to insure а continuous bond be- 
tween the mortar and steel bars. It is frequently 
necessary to have three or four bricklayers work- 
ing on one beam in order to get the bed joint mor- 
tar for the entire course spread, reinforcing steel 
placed, and brick laid before the mortar sets up. 


c. Lintels. The proper placement of reinforcing 
Steel in the brick wail above a window or door 
opening will serve the purpose of a lintel (para 
9-18). The steel bars should be 34 inch in diame- 
ter or less if it is necessary to maintain a 14-inch 
thick mortar joint. The bars should extend 15 in- 
ches into the brick wall on each side of the opening 
and should be placed in the first mortar joint 
above the opening and also in the fourth joint 
above the opening (fig. 9—44). The lintel acts as a 
beam and needs а bottom form. The number and 
size bars required for different width wall open- 
ings are as follows: 


Width of wall Number and size 
opening in feet of bars 
o n ec плас Lucca 2%-inch diameter bars 
OF ИЕ ———————— TS 3%-inch diameter bars 
а ҖЕ. -.. o TEN 3%-inch diameter bars. 


9—35. Reinforced Brick Masonry Foundations 


a. Large Footings. In large footings reinforcing 
Steel is usually needed because of the tensil 
stresses that develop. Аз in all brick foundations, 
the first course of brick is laid in a bed of mortar 
about 1 inch thick that has been spread on the 
subgrade. 


b. Wall Footings. A typical wall footing is 
shown in figure 9—45. The dowels extend above the 
footing; their purpose is to tie the footing and 
brick wall together. The No. 3 bars shown running 
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STEEL REINFORCING BARS 


ROWLOCK COURSE 


Figure 9-44. Reinforced brick masonry lintels. 


parallel to the direction of the wall are used tc 
prevent the formation of cracks perpendicular to 
the wall. 


c. Column Footings. Column footings are 
usually square or rectangular and are reinforced 
as shown in figure 9-46. The dowels are needed to 
anchor the column to the footing and to transfer 
stress from the column to the footing. Note that 
both layers of horizontal steel are placed in the 
same mortar joint. This is not necessary and, if 
large bars are used, one layer of steel should be 
placed in the second mortar joint above the bot- 
tom. If this is done, the spacing between the bars 
in the upper layer of steel must be reduced. 


9-36. Reinforced Brick Masonry Columns 
and Walls 


a. Columns. The load-carrying capacity of brick 
columns is increased when they are reinforced 
with steel bars. There should be at least 114 inches 
of mortar or brick covering the reinforcing bars 
and these bars should be held in place with 34-inch 
diameter steel hoops or ties as shown in figure 
9-47. When possible, the hoops or ties should be 
circular rather than rectangular or square. The 
ends of the hoop or tie should be lap-welded to- 
gether or bent around a reinforcing bar as shown 
in figure 9-47. Hoops should be installed at every 
course of brick. 


(1) Method of holding steel in place. After 
the footings are completed, the column reinforcing 
steel is tied to the dowels projecting from the foot- 
ing. The required number of hoops is then slipped 
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Figure 9-45. Reinforced masonry wall footing. 
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Figure 9-46. Reinforced masonry column footing. 


1" MORTAR JOINTS ai es 


HOOPS IN HORIZONTAL 
MORTAR JOINTS 


VERTICAL REINFORCING 


BAT 


17" 


Figure 9-27. Reinforced brick masonry columns. 


over the longitudinal reinforcing bars and tempo- 
rarily fastened to these bars some distance above 
the level at which brick are being laid but within 
reach of the bricklayer. It is not necessary for the 
hoops to be held in position by wiring them to the 
longitudinal reinforcing. The tops of the longitu- 
dinal reinforcing bars are held in position by 
means of a wood templet or by securely tying 
them to a hoop placed near the top of the column. 

(2) Laying the brick. The brick are laid as 
described in paragraph 9-8. The hoops are placed 
in a full bed of mortar and the mortar smoothed 


Section V. 


9—37. Types of Structural Clay Tile 
a. Description. 


(1) Hollow units made of burned clay or 
shale are normally referred to as clay tile. Several 
common types of clay tile and their dimensions are 
shown in figure 9—49. These masonry units are 
made by forcing a plastic clay through special 
dies The tiles is then cut to size and burned in the 
same manner as brick. The amount of burning 
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out before the next course of brick is laid. Brick 
bats may be used in the core of the column or 
where it is inconvenient or impossible to use full- 
size brick. After all the brick in a course are laid, 
the core and all remaining space around the rein- 
forcing bars is filled with mortar. Any bats re- 
quired are then pushed into the mortar until com- 
pletely embedded. The next mortar bed is now 
spread and the process repeated. 


b. Walls. Reinforcing steel for walls consists of 
both horizontal and vertical bars and is placed as 
discussed in paragraph 9-33 .The vertical bars are 
wired to the dowels projecting up from the footing 
below and are placed in the mortar joint between 
tiers of brick. 


(1) Laying the brick. As the brick are laid, 
all space around the bars is filled with mortar. 
Otherwise, the wall is constructed as described in 
paragraphs 9-8 and 9-34. 


(2) Corner leads. In the construction of 
corner leads, bars should be placed in the corner 
as shown in figure 9—48. The extension is 15 inches 
and the bar size should be the same as that used 
for horizontal bars in the rest of the wall. The hor- 
izontal bars in the remainder of the wall lap these 
corner bars by the same 15 inches. As for beams, 
all the brick in one course between corner leads 
are laid before any other brick are laid. This is 
necessary since the entire reinforcing bar must be 
embedded in mortar at the same time. 


REINFORCING BARS WITH 15” EXTENSION 


Figure 9-48. Corner lead for reinforced brick 
masonry wall. 


STRUCTURAL CLAY TILE MASONRY 


depends upon the grade of tile being manufac- 
tured. 

(2) The hollow spaces in the tile are called 
cells. The outside wall of the tile is called the shell 
and the partitions that divide the title into cells 
are called webs. The shell should be at least 34- 
inch thick and the web 14-inch thick. 

(3) In side-construction tile the cells are hori- 
zontal while in end-construction tile the cells are 
placed vertically. There is no particular reason to 


[N 


prefer one type to the other. Both side-construc- 
tion and end-construction tile are made in the fol- 
lowing structural clay tile classifications. 


b. Structural Clay Load-Bearing Wall Tile. Tile 
in this classification may be divided into two types 
depending upon use. 

(1) Tile used for the construction of exposed 
or faced load-bearing walls. This tile is designed 
to carry the entire load including the facing mate- 
rial. The facing may consist of stucco, plaster, or 
other suitable material. 


(2) Tile used for backing up load-bearing and 
non-loadbearing brick walls. The facing or outer 
tier of brick in these walls is bonded to the back- 
ing tile by headers. The wall load is supported by 
both the facing and the backing. The inside face of 
this tile is scored, making it possible to plaster it 
without using lath. 


c. ASTM Classification. The American Society 
for Testing and Materials gives two grades of 
Structural load-bearing tile based on resistance to 
weathering. 

(1) Grade LB. This grade is suitable for gen- 
eral use on masonry construction where not ex- 
posed to weathering or for use in masonry exposed 
to weathering provided it is protected with at 
least 3 inches of facing. 

(2) Grade LBX. This tile may be used in ma- 
sonry exposed to weathering with no facing mate- 
rial required. 


d. Structural Clay Non-Load-Bearing Tile. This 
classification includes: 

(1) Partition tile used in the construction of 
non-load-bearing partitions or for backing non- 
load-bearing brick walls. 

(2) Tile used for lining the inside of а wall in 
order to provide a surface that may be plastered. 
These tiles also provide an air space between the 
plaster and the wall. 

(3) Tile used to fireproof steel columns and 
beams. 


е. Structural Clay Facing Tile. The ASTM gives 
two classes of structural clay facing tile based on 
shell thickness and called standard and special 
duty. The surface finish of this tile closely resem- 
bles the surface finish of face brick. There are two 
types in each class. 


(1) Type FTX. This tile is the better in ap- 
pearance and is the easier to clean. 

(2) Type FTS. This title is inferior in quality 
to type FTX but is suitable for general use where 


some defects in surface finish are not objection- 
able. 
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f. Structural Glazed Facing Tile. The exposed 
surface of glazed tile has either a ceramic glaze, a 
salt glaze, or a clay coating. These tiles are used 
where stainproof, easily cleaned surfaces are de- 
sired. They can be obtained in many colors and 
produce a durable wall with a pleasing appear- 
ance. 


g. Special Units. In addition to the standard 
stretcher units shown in figure 9—49, special units 
are available for use at window and door openings 
and at corners. А manufacturer's catalog should 
be consulted if special units are necessary. 


h. Quantities of Materials Required. The 
amount of materials required for structural clay 
tile walls is given in tables 9—7 and 9-8. 


Table 9—7. Quantities of Material Required for Side 
Construction Hollow Clay Tile Walls* 


Wall thickness— 
tile size—wall 
area, sq ft. 


4 inchés—4 x 5 x 12 


Cu ft. 
mortar 


8 inches—8 x 5 x 12 


Cu ft. 
mortar 


Number of 
tile 


Number of 


t» oue со оо со en ere 


*Quantities are based on 14-inch thick mortar joint. 


9—38. Physical Characteristics of Structural 
Clay Tile Masonry 


a. Strength. The compressive strength of the in- 
dividual tile depends upon the materials used and 
upon the method of manufacture in addition to the 
thickness of the shells and webs. A minimum com- 
pressive strength of tile masonry of 300 pounds 
per square inch based on the gross section may be 
expected. The tensil strength of structural clay 
tile masonry is small. In most cases, it is less than 
10 percent of the compressive strength. 


b. Abrasion Resistance. As for brick, the abra- 
sion resistance of clay tile depends priniarily upon 
its compressive strength. The stronger the tile, the 
greater its resistance to wearing. The abrasion re- 
sistance decreases as the amount of water aborbed 
increases. 


с. Weather Resistance. Structural clay facing 
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Table 9-8. Quantities of Material Required for End Construction Hollow Clay Tile Walls* 


Wall thickness. ........- 4 inches 6 inches 8 inches 10 inches 
стг ЕТЕ ЕЕЕ 

Wall area, sq. ft. Number of Cu. ft. Number of Cu. ft. Number of Cu. ft. Cu. ft. 

tile tile tile mortar mortar 

|25555 eee Saas А .02 .06 
1(0) me Зее c ENS 9.3 .25 с : 4 
NOOL EEE E aa 93 2.5 3.6 9 6 
AU) | ee a 186 5.0 ПЕ 2 .8 1% 
GAUDII c Pr 279 7.5 10.8 ET 18 
dU) S co EE ME 372 10.0 14.4 .6 24 
БОР СЕП eee 465 12.5 18.0 o 30 
600______-_--_-___- 558 15.0 21.6 E 36 
7 X0) S 651 17.5 26.2 29) 42 
CoD ETE Э 744 20.0 28.8 ‚2 48 
тт ТП 837 22.5 32.4 І 54 
090... 930 25.0 36.0 .0 60 


*Quantities are based on 14-inch-thick mortar joint. 


tile has excellent resistance to weathering. Freez- 
ing and thawing action produces almost no deteri- 
oration. Tile that will absorb no more than 16 per- 
cent of their weight of water have never given 
unsatisfactory performance in resisting the effect 
of freezing and thawing action. Only portland-ce- 
ment-lime mortar or mortar prepared from ma- 
sonary cement should be used if the masonry is ex- 
posed to the weather. 


d. Heat- and Sound-Insulating Properties. Walls 
containing structural clay tile have better heat-in- 
sulating qualities than do walls composed of solid 
units, due to dead air space that exists in tile 
walls. The resistance to sound penetration of this 
type of masonry compares favorably with the re- 
sistance of solid masonry walls but it is somewhat 
less. 


e. Fire Resistance. The first resistance of tile 
walls is considerably less than the fire resitance of 
solid masonry walls. It can be improved by apply- 
ing a coat of plaster to the surface of the wall. 
Partition walls of structural clay tile 6 inches 
thick will resist a fire for 1 hour provided the fire 
produces a temperature of 1,700° F. after burning 
for 1 hour. 


f. Weight. The solid material in structural clay 
tile weighs about 125 pounds per cubic foot. Since 
the tile contains hollow cells of various sizes, the 
weight of tile varies, depending upon the manu- 
facture and type. A 6-inch tile wall weighs ap- 
proximately 30 pounds per square foot, while a 
12-inch tile wall weighs approximately 45 pounds 
per square foot. 


9-39. Common Subjects 


Information contained in this manual in the para- 


graphs listed below is applicable also to structural 
clay tile: 

a. Tools and equipment (para 7-1 and 7-2). 

b. Joint finishes (para 9-10). 

c. Bricktender’s duties (para 9-11). 

d. Bricklayer’s duties (para 9-12). 

e. Watertight walls (para 9-21). 

f. Maintenance and repair of brick walls (para 
9-26). 

g. Cleaning new brick (para 9-27). 

h. Cleaning old brick (para 9-28). 

1. Protection against freezing (para 9-30). 


9-40. Uses for Structural Clay Tile 


a. Exterior Walls. Structural clay tile may be 
used for exterior walls of either the load-bearing 
or non-load-bearing type. It is suitable for both 
below-grade and above-grade construction. 


b. Partition Walls. Non-load-bearing partition 
walls of from 4- to 12-inch thickness are fre- 
quently made of structural clay tile. These walls 
are easily built, light in weight, and have good 
heat-and sound-insulating properties. 


c. Backing for Brick Walls. Figure 9-50 illus- 
trates the use of structural clay tile as a backing 
unit for a brick wall. 


9-41. Mortar Joints for Structural Clay Tile 


a. End-Construction Units. In general, the pro- 
cedure for making mortar joints for structural 
clay tile is the same as for brick. 


(1) Bed Joint. The bed joint is made by 
spreading a 1-inch thickness of mortar on the shell 
of the bed tile but not on the webs, as shown in 1, 


Figure 9-50. Structural clay tiles used as a backing unit. 


figure 9-51. The mortar should be spread for a 
distance of about 3 feet ahead of the laying of the 
tile. The position of the tile above does not coin- 
cide with the position of the tile below since the 
head joints are to be staggered. The web of the tile 
above will not contact the web of the tile below 
and any mortar placed on these webs is useless. 

(2) Head joint. The head joint is formed by 
spreading plenty of mortar along each edge of the 
tile, as shown in 2, figure 9-51, and then pushing 
the tile into the mortar bed until in its proper 
position. Enough mortar should be used to cause 
excess mortar to squeeze out of the joints. This 
excess mortar is cut off with a trowel. The head 
joint need not be a solid joint as recommended for 
head joints in brick masonry unless the joint is to 
be exposed to the weather. Clay tile units are 
heavy, making it necessary to use both hands 
when placing the tile in position in the wall. The 
mortar joint should be about 14-inch thick, de- 
pending upon the type of construction. 

(3) Closure joints. The procedure recom- 
mended for making closure joints in brick ma- 
sonry should be used. 


b. Side-Construction Units. 


(1) Bed joint. The bed joint is made by 
spreading the mortar to a thickness ої about 1 
inch for a distance of about 3 feet ahead of the 
laying of the tile. А furrow need not be made as is 
required for brick. 


(2) Head joint. 


(a) Method A. As much mortar as will ad- 
here is spread on both edges of tile as shown in 1, 
figure 9-52. The tile is then pushed into the mor- 
tar bed against the tile already in place until in 
its proper position. Excess mortar is cut off. 

(b) Method B. As much mortar as will ad- 
here is placed on the interior edge of the tile al- 
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ready in place and on the opposite edge oi the unit 
being placed. This is shown in 2, figure 9-52. The 
tile is then shoved in place and the excess mortar 
cut off. 

(3) Mortar joint thickness. 'The mortar joints 
should be about 14 inch thick, depending upon the 
type of construction. 


= 
— => 


1 Bed joint 


2 Head joint 


Figure 9-51. Laying end-construction tile. 
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2 Method B for making head joint 


Figure 9-52. Laying side-construction tile. 


9—42. Eight-Inch Wall With Four-Inch 
Structural Tile Backing 


For this wall there will be six stretcher courses 
between the header courses. The backing tile is 
side-construction 4- by 5- by 12-inch tile. They are 
4 inches wide, 5 inches high and 12 inches long. 
The 5-inch height is equal to the height of two 
brick courses and a 14-inch mortar joint. These 
tiles are laid with a bed joint such that the top of 
the tile will be level with every second course of 
brick. The thickness of the bed joint therefore de- 
pends upon the thickness of the bed joint used for 
the brick. 
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а. Laying Out the Wall. The first course of the 
wall is temporarily laid out without mortar as rec- 
ommended for solid brick walls. This will establish 
the number of brick required for one course. 


b. Laying the Corner Leads. As shown in 1; 
figure 9—53, the first course of the corner lead is 
identical to the first course of the corner lead for a 
solid 8-inch brick wall except that one more brick 


THREE QUARTER 
CLOSURES 


1 First course of corner lead, hollow tile backing 


2 First course of tile, hollow tile backing 


3 Complete corner lead, bollow tile backing 


Figure 9-53. Corner lead hollow-tile backing. 


MME, 


Figure 9-54.  Eight-inch structural clay tile wall. 


is laid next to the brick p, 5, figure 9-22. All the 
brick required for the corner lead are laid before 
any tile is placed. The first course of tile is shown 
in 2, figure 9-53 and the completed corner lead is 
shown in 8, figure 9-53. The remainder of the wall 
is completed as described in paragraph 9-16. 
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9-43. Eight-Inch Structural Clay Tile Wall 


This wall is constructed of 8- by 5- by 12-inch tile. 
The length of the tile is 12 inches, the width is 8 
inches, and the height is 5 inches. A 2- by 5- by 
8-inch soap is used at the corners as shown in 
figure 9-54. Half-lap bond is used as indicated. 


a. Laying Out the Wall. This is done as de- 
scribed in paragraph 9-16a. 


b. Laying the Corner Leads. Tiles a and b (fig. 
9-54) are laid first, then c and d. The level is 
checked as they are laid. Tiles e and f are laid and 
their level checked. Tile b must be laid so that it 
projects 6 inches from the inside corner as shown 
to provide for the half-lap bond. Corner tiles such 
as b, g, and g, should be end-construction tile in 
order to avoid exposure of the open cells at the 
face of the wall, or a thin end-construction tile, 
known as a “soap”, may be used at the corner as 
shown in figure 9-54. The remainder of the tile in 
the corner is then laid, and the level of each is 
checked. After the corner leads are erected, the 
wall between is laid using the line. 
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APPENDIX B 


METHOD OF MAKING SLUMP TEST FOR 


CONSISTENCY OF PORTLAND CEMENT CONCRETE 


1. Scope 


a. This method of testing covers the procedure 
to be used in the laboratory and in the field for 
determining consistency of concrete. It is not an 
exact method but gives sufficiently accurate re- 
sults. 


b. This test is not considered applicable when 
there is a considerble amount of aggregate over 2 
inches in size in the concrete. 


2. Apparatus 


The following apparatus is required and is availa- 
ble in the mobile laboratory. 


a. А mold of No. 16 gage galvanized metal in 
the form of the lateral surface of the frustum of a 
cone with the base 8 inches in diameter, the top 4 
inches in diameter, and the altitude 12 inches. The 
base and the top are open and parallel to each 
other and at right angles to the axis of the cone 
(fig. В-1). 


b. Tamping rod 54 inch in diameter and 24 
inches long. 


4 LO 
TAMPING {KMS 
ROD: ‘| ir SRM / 
4 
“ 
a ы Ол ие е 
2 ү) ,9 


DIA.-5/8"' 
LENGTH-24"' 


Figure B-1. Measurement of slumps. 


3. Sample 


Samples of concrete for test specimens will be 
taken at the mixer or, in the case of ready-mixed 
concrete, from the transportation vehicle during 
discharge. The sample of concrete from which test 
specimens are made will be representative of the 
entire batch. Such samples will be obtained by re- 
peatedly passing a scoop or pail through the dis- 
charging stream of concrete, starting the sampling 
operation at the beginning of discharge and re- 
peating the operation until the entire batch is dis- 
charged. The sample thus obtained will be trans- 
ported to the testing site. To counteract segrega- 
tion the concrete shall be mixed with a shovel until 
the concrete is uniform in appearance. The loca- 
tion in the work of the batch of concrete thus 
sampled will be noted for future reference. In the 
case of paving concrete, samples may be taken 
from the batch immediately after depositing on 
the subgrade. At least five samples will be taken 
from different portions of the pile and these sam- 
ples will be thoroughly mixed to form the test 
Specimen. 


4. Procedure 


The mold will be dampened and placed on a flat, 
moist non-absorbent surface. From the sample of 
concrete obtained as described in paragraph 3, the 
mold will immediately be filled in three layers, 
each approximaely one-third the volume of the 
mold. In placing each scoopful of concrete the 
scoop will be moved around the top edge of the 
mold as the concrete slides from it, in order to 
insure symmetrical distribution of concrete within 
the mold. Each layer will be rodded with 25 
strokes of a 54-inch round rod, approximately 24 
inches in length and tapered for a distance of 1 
inch to a spherically shaped end having a radius of 
approximately 14 inch. The strokes will be distrib- 
uted uniformly over the cross section of the mold 
and will penetrate into the underlying layer. The 
bottom layer will be rodded throughout its depth. 
After the top layer has been rodded, the surface of 
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the concrete will be struck off with a trowel so that 
the mold is exactly filled. The mold will be immedi- 
ately removed from the concrete by raising it 
carefully in a vertical direction. The slump will 
then be measured immediately by determining the 
difference between the height of the mold and the 
height at the vertical axis of the specimen. 


5. Slump 


The consistency will be recorded in terms of inches 
of subsidence of the specimen during the test, 
which shall be known as the slump— 
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Slump — 12 inches minus height of specimen 
after subsidence. 


6. Supplementary Test Procedure 


After the slump measurement is completed, the 
side of the specimen frustrum should be tapped 
gently with the tamping rod. The behavior of the 
concrete under this treatment is a valuble indica- 
tion of the cohesiveness, workability, and placea- 
bility of the mix. А well-proportioned workable 
mix will gradually slump to lower elevations and 
retain its original identity, while a poor mix will 
crumble, segregate, and fall apart. 


APPENDIX C 
CONTENTS OF TEST SET, CONCRETE 


Description” 
1. BAG, COTTON DRILL: 17 in. w, 32 in. lg; 
ФАН S лк ны E c E = EEE SETE ашыу тр а L-1515 
2. CAPPING SET CONCRETE CYLINDER TESTING: 
c/o: 
1 ea CAPPER: vertical cylinder and capping plate: 
SETS E с a es ен E ж с- Жеки E. UE URL e CT-63 
1 ea CARRIER, CYLINDER: used for 6 in. by 12 in. cylinders; 
ОЗЕН. Е, o. RENE озу. жттке EE КЕНЕ CT-57 
1 еа 50 LB COMPOUND, CONCRETE, CAPPING: 
ERREUR NES S Voc ЕКЕ P sd CT-55 
1ea LADLE, CAPPING: 
ОЗ АЗЕ НМЕ ИЕ МОУ EE LT-12 
1ea WARMER, CAPPING COMPOUND: 
2 qt; 
E IS TRI decide тылды ОС с кучылт. ВЕЗА СЕ ау. oe акне L-107 
ӨЗ A ee A E E T" nC LER M CT-66 
3. CHEST, CONCRETE TEST SET: 
Бы асы. „еа. бгз жыз ee ccr e t cd за e aM NS TUE MEA NES C-12044 


4. CLOTH, DUCK, COTTON: no. 4; olive drab, no. 7, mildew resistant and water repellent, FED Spec 
CCC-D-950, type 1, class B; 60 in. w; ' 
БАЗА. ак e ccc mE ск EET CCC-C-419, Type 1 
(See Note C) 

5. CONE AND TAMPER: 


6. FORM, PRINTED: DD Form 1220; Concrete M ixture Design data; (cut sheet) 

(See Note D) 
7. JAR, MASON: plain glass, rd; crystal; n eck size for no. 460 screw cap; w/screw cap; 3214 oz capacity 
8. MEASURE, AGGREGATE TEST: 

Iron; w/handle; 

1/10 eu ft; 6 in. id, 61/, in. inside h; 


SI AS A E N E 2 ЕЦ ална SS-R-406, method 201.0, para graph 2.3 measure 
9. L$cuft; 10 in. id. 11 in. inside В; 
SNS ANS E s coe РБИЕ 7 Coo NEM Ка SS-R-406, method 201.0, paragraph 2.3 measure 


10. MOLD, CONCRETE BEAM TEST SPECIMEN: steel; 21 in. lg, 6 in. w, 6 in. h; collapsible 
11. MOLD, CONCRETE CYLINDER TESTING: 
plastic; 6 in. id, 12 in. h split; 6 molds per carton: 


12. MOLD, CONCRETE TESTING, SLUMP CONE: 4 to 8 in. tapered id, 12 in. h; ASTM C-143-58 
13. PAIL, METAL; steel; galvanized, 316 gal; 


SLJ4S 2-20 ecco ee сс. E RR-P-35, Type II, 
14. PAN, CAKE: round; tia plated steel; 9 in. dia; 1% in. deep; 

SSA Me | 7. emo nre RE SN t. m RR-P-62 
15. PAN, CONCRETE MIXING: galvanized steel; sq; 24 in. lg, 24 in. w, 8 in. deep; tapered sides; w/ 

handles; 

ORTTO T ERO СИТ ЕЕЕ ЦИЛИНДРА Ee m CT-58 


16. RULE, STEEL, MACHINIST'S: rh reading; 1/100, 1/64, 1/32, 1/16 in. graduations; 12 in. lg, 1 in. w, 
3/64 in. thk; 
SIS. о ы-ы E өте GGG-R-791, Type 4, Class 1, graduations No. 7 
17. SCALE, BEAM INDICATING: weighing; 300 lb; portable, folding platform; 2 weigh beams, avoirdu- 
pois system, 0 to 276 lb, 26 lb gradua tion intervals, 0 to 25 lb, 14 lb graduation intervals; single platform 


*Manufacturers' codes and abbreviations used follow this description. 


Unit issue 


ea 


se 


yd 


sh 


ea 


ea 


ea 


Quantity 
20 


1 
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Description* Unit issue Quantity 

receiver; each beam equipped w/movable poise; 
BIOS e poo шш кшк E сна E AAA-S-118, {ype III 

18. SHOVEL, HAND: D handle; sq point; open back; commercial size 2; 1114 to 1214 in. lg, 914 to 1014 in. ea 2 
w blade; 
ВОДЕ ЕЕЕ ке tc aa А GGG-S-326, type V class A, style 1 

19. TAMPING ROD, SOIL TESTING: steel; 14 in. dia, 24 in. lg; bullet working end; ea 2 
USE. Банка лик ш. Se сы... 2 Ын CT-22 

20, TEST SET, CONCRETE: se 1 


Air entrainment meter, 16 cu ft; ASTM C-231: 
AASHO T-152; c/o: 

1 ea Air pump 

1 ea Case, carrying 

1 ea funnel 

1 ea Standardisation vessel 

] ea Tamping rod 

1 еа Trowel 

1 ea Tube brush 

21. TEST SET, CONCRETE: se 1 

Dunagan apparatus; ASTM C-127, C-128; 
AASHO T-84, T-85; c/o: 

1 ea Balance, 5 kg porm 0.1 gm 

1 ea Bucket, immersion 

2 ea Bucket, weighing 

1 ea Case, metal, storage and carrying 

2 ea Pan, wt 

8 ea Scoop, Aggregate 

1 ea Sieve, 4 in. h, 8 in. dia, no. 4 

1 ea Sieve, side opening, 8 in. dia, no. 100 

3 ea Weight, 1 kg 

1 еа Weight set, 2000 gm 


22. TESTER, COMPRESSION, CONCRETE CYLINDER: ea 1 
6 in. dia. 12 in. h cylinder; hand operated; hydraulic; w/gage; 
SIS D СЕЗЕ a) C ene алалы co RESTER S ecce CT-710 

23. TESTER, FLEXURAL STRENGTH, CONCRETE BEAM: 2,000 psi flexural strength; gage bar and ea 1 


dia] indicator measuring device; 6 x 6 x 18 in. lg concrete beam specimen accommodated; 2 wheels and 
tow handle; w/carrying case for gage bar and dial indicator; w/molds for casting beam specimens; make 
and model unspecified; 


СЗ З.т ена тк HP—— MÀ ке E E онаа T-17797 

24. TOP, PYCNOMETER: spun brass; conical; thd to fit 1 qt mason jar; 34 in. hole at top; ea 1 
OEC MMC aho C-9455 

25. TROWEL: brick 1015 in. lg, 524 in. w blade; ea 1 
GIGANTES Е > CRI S cM mI E e о с. a GGG-T 671, type III 


Total weight: 2,800 lb 
Total volume: 120 cu ft 
Note. Manufacturer's codes contained in this list are listed in numerical sequence and cross-referenced to the manufacturer's 


name. 


Code Manufacturer 
900m ccu. 7. INR SORDIDE U.S. Army Mobility Equipment Command 
ӘӘ SEA OMNEM C. Со TNR Ce Со Л ТЕ Federal Specifications 
8134 а Ны CC Ue e ros а eau --- Military Specifications 
PURUS A Ec qi 222 2222 =й Hogentogler and Со. 
ЗЕ etm о coe „ RE. ME "с Soiltest Inc. 

Note. Abbreviations used are— 
ЖАЗЫ. 2-2 т с зл Е ные е са ке Sn ere yee ана American Association of State Highway Officials 
ASPM ы: се ыма ае cero T American Society for Testing Materials 
C/O oe obs oon oe Oa oe E схе! EOD ND ee consist of 
ОООО eC MEM TEM IH carton 
| RM. ELI C а ПОТЕ 2 МЕСЕЗС ЫЕ е еееее cubic 
a T nnn rca ee eee EMEN NOE SENEC NE diameter (s) 
ЕА. me oe С RENE E AAE E A each 


ор ИССИ ЕКЕ ТЕК Т 2222 202 2120... .24.-----ссеессссее Federal 
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js cc M cc ЭТЕ з ж ХОН thou Гү. E ЖАШНЫ усә 2. deca uc OA EP foot, feet 

БЕНЕН аа dc Er MENT n TN gallon (s) 

ee ——Á— ————————Á———— -2- gram (s) 

И cc AM REM Ee ux ooo nbn. tr ТЕ ш Oe ier dM. urs ie NN height, high 

oi: See t с аас cM oo ENIMS 222252255252. inside diameter (s) 
НЕЕ ИЕМЕН езе ана атка Стил м шкен ык ан Кш a эз. аҗы inch (es) 

7C o6 M D л ЕК. д Si Л co P PN et et rere t kilogram (s) 

[I5 uo dn c ст EM We eect IC o pesos кесте cea ccc a et е pound (s) 

е cif MIR жем c dem a S E Soc CM RA ccc о. length, long 

ee ae eee Uc I NEM 20. number (s) 

де ес mo m E TM i. ounce (s) 

п ао mI. Е cro dre mcr сыш M. Cl км ыс... reum RN plus or minus 
ъс еда sce Led оси с Secr dc cM pounds per square inch 
QUE —— eere INE E ccce iem c MMC E quart 

ТЕСЕ oc кета КЫ 3222 ент М-С. NECS эы RN round 

rhe ee ТТТ Se у nr ENERO с а зе Ана right hand 

SER Cu c cce Mc M Ce E EI n ЕЕ азса з oh ЖИНИНЕ Eo С. set 

ӘНЕ a ee Pe URS UM Me i E sheet 

Арест Ne ill. c c еее хехе зі ОС лала тема specification (s) 
ЕРЕКЕ. е TU ET ЕН... Ut square 

thdew wo c Nee зз... сз „єк орана Rx thread (s) (ed) 
НЕЕ T E сат C CK ОИЕ CEP IU 2 E 7. А thick (ness) 

"yc ESS да Se See Зат Кек Et RR PEE Dr wide, width 

ER T a A ee C OD Яз. >... __ ee cc with 

ЖИЕ RNC NO ke RF! Goon a a E ee EM. weight 

MIU. eos ЛО E EM ER yard 


Note A. Item is not issued initially with the set. The indicated quantity must be separately requisitioned from the Army Managing 


Activity or Defense Supply Center as indicated under the appropriate stock number. 
Note B. Item is not issued initially with the set. The indicated quantity must be separately requisitioned through normal Ad- 


jutant General supply channels using the form number as indicated. 
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Airenmraming agents te Е ee у ET EE = 2—9 
Dampproofing and permeability reducing agents ___________________________-_- 2-10F 
Denniionggewe — La т MEER c c RN 2-8 
бас огп!пе. pela с Au coe ee hee a оноо Е ОА 2-10h 
Groutingeapents = m тете т вне т теа 2. ETSI eee 2-10g 
BozzolaNs* a -- ^. ЖЖ Ели кН ы c ee Se ee 2-10d 
ИН ФЕР. aa ee LL L c Lac C 2-8 
Retardingwadmixtiness а-а eee 2-106 
Watersreducing agents 2222-2222 2 mere Se cL cec SE ee 22-222 2-10a 
Шоккаршиударете а= ЗЕ ЕСС EC eo ee EO TUE 2-10e 
Aggregate: 
Absorption and sügface moisture --...--.--..-.--.------.----.----------------- 2-5һ 
PANbrnasionWresistancege xe = - киы. ee =ош с кс тт 9-54 
ТС ето Е ате M es CE EUER ee ee 2-5f 
ERARTELETISTICS те .  — o ccr эшк 2-5 
Chermealstability Te СН... ж. ee ee eee ee eee 2-5с 
(Woursema poke Pa Lem тезек c С мез см E 2_5е(3), 3-2b (2) 
Пее бето substances) eem ce Rho 27222-22. 222221222220 2-6 
EPCI O NEE ко MO ЕН ТЕ E MI T а ч ег асани 1-4b 
Банкте Ив” "мн I сы ку сшкш 2-5е(2), 3-2b (1) 
ПЕНЕН тоа пзе ЕЕЕ ЕЕРЕЕ A ccc RR 2-5e(1) 
GapEPraded aggregate не СЕ ee Li. eI 2-5е(4) 
Gradine т” хз лт тн С cc ca meten & ee е жамы ж сете 2-5e 
Handliinggand storage ТЕНЕБЕ m RM ee eee 257 
Volet шир es cem е ete. e LL Un m ECC pe E E E ae ee 5-34c(1) (а) 
олот ВЕЕ eee eee e n = oe чы лын 5—15, 5-156 
iDarücleEshspee = ТЕС а ат Ee io ee cer c MUN 2-5d 
Resistance to freezing and thawing ---..-.----.------------------------------- 2-5b 
ТЕСЕЛ к eRe ект МА I E UE 3-2b 
ӘБЕСІПСШІРТЕУЛІУ КЕСЕ МА Mr uS Ea 2-59 
Surface: ех иге т a ae ee e ne жу шу ee eee eee 25d 
Air-entraining cement: 
оо атан eene CT ыл I ee жшк E e 2-2d(1) 
Eroperntie stis NEM MEET t opt 3-9с 
Air-entrained concrete: 
Aren traimng agents ОЕ ааваа ы а-а-а 2-9% 
Considerations. — Sameer ea fan ete ee ee, ЖЕ 3-2 
Шаекин gemere c caer - 2-9 
Eactorscaffectingwair сопел =_= 22-22-2222 ee ee ee 9_9с 
PROPERTIE е кеке ER COLI NENNT О EM rl t 212-527 ee a E 9-9а 
Recommended sir content аа азаа 2-9c 
Bos wor uar contente С ае ы o cL “ууш ee аа 2-96 
| ono D) M——X———-—— E — —— —á'———— 11 ТЕЕ — ц 4-23, 8-80 
ACNES ED ГЕК e coc RENE 12. Sn азы киы TU RM 9-20 
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Beams 
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Horm нез memo co o UCM. 4-14 
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|. тоо ic ac ccc MMC NENNEN 9—7с(5) 


192 (Index 2) CONCRETE, MASONRY AND BRICKWORK 


Paragraph 
Common С —— —— ee eee 9-7c(2) 
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BEIGE. 0o ee SS „зс Л ДЕ EE 7—8е, 9~7b 
сусрео тн ент тек c. PLE ыкы On Men EER з... „л. ы 9-7с 
НЕЛЕР 222-122 ЖШШЕ eme M т-ти EE еке к ен 9--7с(1) 
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